US009415463B2
a2y United States Patent (10) Patent No.: US 9.415,463 B2
Ueta et al. 45) Date of Patent: Aug. 16, 2016
(54) LASER MARKING METHOD (38) Field of Classification Search
CPC ...... B41M 5/035; B41M 35/382; B41M 5/383;
(75) Inventors: Hiroyasu Ueta, Hamamatsu (IP); B41M 5/3852
Minoru Inuzuka, Gamagori (JP); See application file for complete search history.
Yutaka Tsujimoto, Osaka (JP
utaka Tsujimoto, Osaka (JF) (56) References Cited
(73) Assignees: Shim-mka Prefecture, S‘hizuoka-.shi (JP); US PATENT DOCUMENTS
Shikibo Ltd., Osaka-shi (JP); Nidek
Co., Ltd., Gamagori-shi (JP) 3,502,871 A * 3/1970 Marxetal. .................... 430/201
5,017,547 A * 5/1991 DeBoer .......cc..ooovvviinnnn. 503/227
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days. FOREIGN PATENT DOCUMENTS
(21) Appl. No.: 13/145,847 CA 1245448 A1  11/1988
CN 1220761 A 6/1999
(22) PCT Filed: Jan. 26, 2010 (Continued)
(86) PCTNo:  PCT/JP2010/050956 OTHER PUBLICATIONS
§ 371 (c)(1) International Search Report dated Feb. 23, 2010, 1ssued for PCT/
(2), (4) Date:  Sep. 23, 2011 1P2010/050956. |
(Continued)

(87) PCT Pub. No.: WQ02010/087327
PCT Pub. Date: Aug. 5, 2010 Primary Examiner — Alison L Hindenlang,
| | - (74) Attorney, Agent, or Firm — Locke Lord LLP

(65) Prior Publication Data
US 2012/0013699 Al Jan. 19, 2012

(57) ABSTRACT

This mnvention provides a laser marking method that can form
a very minute mark of a predetermined shape, such as a letter

(30) voreign Application Briority Data or pattern, with clarity and high solidity, on the surface of a
Jan. 27,2009  (IP) oot 2009-015751  substrate. The laser marking method of the mvention com-
prises the steps of (1) depositing a coloring material on the

(51) Int.Cl. surface of a substrate of thermoplastic material to form a thin
B4IM 5/382 (2006.01) f1lm of the coloring material, and (2) applying a laser beam to
B23K 26/00 (2014.01) the thin film of the coloring material 1n conformity with a
B4IM 5/26 (2006.01) predetermined marking shape to cause the portions of the

(52) U.S.Cl. substrate irradiated with the laser beam to soften and to cause
CPC B23K 26/0066 (2013.01); B23K 26/0006 the thus soltened portions to mix with the coloring material,

(2013.01); B41M 5/267 (2013.01); B41M 5/382 thereby developing the predetermined marking shape on the
(2013.01);, B41M 5/38207 (2013.01); surface ot the substrate.

(Continued) 8 Claims, 10 Drawing Sheets

Laser ilrradiation apparatus 1
\ 13

15

£

1
Imaging }' Display ~47

Lasar irradiation means




US 9,415,463 B2

Page 2
(52) U.S.CL EP 0201627 A2 11/1986
CPC ......... B23K2201/15 (2013.01); B23K 2203/00 E 0924096 Al 6/1999
(2013.01); B23K 2203/42 (2015.10) P HO7-68802 A 3/1995
JP 07-117350 A 5/1995
. JP 08-174263 A 7/1996
(56) References Cited P 11180000 /1996
JP 2005-297326 A 10/2005
U.s. PAIENT DOCUMENTS JP 2008-012869 A 1/2008
T Y
5239,158 A 8/1993 Locklear et al. $0 WO ;&%gééggg i | égggi ************* BAIM 5/26
5,560,751 A * 10/1996 Hoshiyama ....................... 8/506 i
5,608,429 A * 3/1997 Hayashihara et al. ..... 346/135.1
6,177,132 Bl 1/2001 Kunieda et al. OTHER PUBLICATIONS
2004/0013969 Al 1/2004 Delp et al.
2004/0265572 A1* 12/2004 Baillet .........coocooienie 428/336 European Search Report dated Mar. 6, 2014 in connection with
2006/0257653 Al 11/2006 Tsujimoto et al.

European Application No. 10735795.6.

FOREIGN PATENT DOCUMENTS Office Action dated on May 20, 2016 1ssued for corresponding
Korean Patent Application No. 10-2011-7019341.

CN 1741862 A 3/2006
CN 1788115 A 6/2006 * cited by examiner



U.S. Patent Aug. 16, 2016 Sheet 1 of 10 US 9,415,463 B2

Fig. 1

Vacuum deposition apparatus
Monlitcer glass

Substrate fixed by stand

F': - ': F.' ‘.I%-
Yy

l Shutter l

Diffusion

Dyeing S S S <
material e, "
*\ pump

Fig. Z

Vacuum deposition apparatus

Subgtrate (e.dg..;
plastic substrate)

Transfer

paper

Hegter plate




US 9,415,463 B2

Sheet 2 of 10

Aug. 16, 2016

U.S. Patent

3

Flg.

Leak valve
“Vacuum pump

Tus

1o0n appara

T

LR T Ilii?h-l'
+

/1IN

Vacuum depos

a3
=
T
r—
e
i
&
(T
o=
e
-
H

Transfer
paper

wound with fiber]

Substrate {(e.g., plate

o
.-.1 -
A
Rt A

1] I‘I
T A
L T
. 1

power

i S BT L .
r. Tk * __.....
sy | kL _ .
e R L X
T e R aa - - 2 Ty Sy
L] ~ - = - h | -
s ) hTER s gt
: i T AN NS 2
- == - .l.....:. ..ﬂ!r._r.-.. ¥ T
TR MM L, A e m.;Hunv.
.1. -1 - _..l.rl. ”r.l | o5 .-...l. '.jl
TSR P b..,.:?.n.uﬂ___u..f n}Wﬁ,{u et
g a "4 - -.J__. u -
A + A e =
. l. .-r.l . & L] -

rrrrr
.......
L
. H n c
e AT . AR o, Y 1 ! Lk St FL
T, YT T Y
LA AT o R Wk T

e 'G,.. Ky

Higher laser

b - '
1;;1’{;:‘ -:
”r

]
F ol

)

e
"Lr

¥
e

1

a .I.F -.-..I .1'..#.!!“
AR S LA I
R A L
R s fo T
X A R
RNRRE (- oo P T N LT

3

1d

¥

f
b
tar

P A AR G

t
Sreane

e |
4

ah

.....

1C Mma

;

O A RN A

X plast

n

olla

o

. - u -
Dag, S o a Miame w4
¥ A et k. T
v - ._..r_.......”..H .‘-._._....u..rf. "..M-._....ul_. a H......__n_.ﬂ..-.l -
1y LG .- .“_ I .1..“.._......__._..1-..‘..._.-. l - R
R Pyt -....._._ ek B B | 2 =" - - e ma s
“ 5 . il ” £ ..._“.._u.. oy tuhﬂ.u_f-“\l#o{l N gt e
ST e A AL L X TN
. T - L] . . ) - --_L.l.l. l.-...-r.- l.f.”.llli.f.ﬂ._l
. P, ey s ma
4 -

ALos

Lower laser power

»
L]

L]

........
- . -

R, -

.......

. O - a
L AL L. o

©oa

s
o
¥R

St
P

DR
it
-.FII

:ﬂ"!&
Ly
i

T E TR et L T

+EE WAm 1..11_..|:._-_...1.n-..1._._-..-q.,...

L
4

LAWY
-

substrate cannot be heated



US 9,415,463 B2

Sheet 3 of 10

Aug. 16, 2016

U.S. Patent

Lower enerqgy

Ultrathin dye layer

- 1.*._-._-...._....‘.._.-.-1_. .__.._r.l.f. ‘.Fjﬁ
; Py by A0 ) - ey
p I*"I..-_..... : Jgnﬁwﬂh#h!”d?i.htlr{ _.
e L Lk d R a ar T A T R T
- ‘.l.“mu“.r.i..n u......nun.lﬂl.r.......lu.m.
» o el i T L et v
P et
4 ..l.._ _....f- ’m#r.m.j.:.m“lr.mum”_.l' |.ﬁ|.|r-_\l. .
; -

,__‘. m

£ 7 Sy s s et
AT o g )
._.l...._m"“_.... 1] JJIHHMF.ﬂJI.Jﬂ.‘I‘ - . .i.h.-mﬂ*_.“ .
e S SO R LI R Y
bl SRttty il L LY
o D R e R M-
| — fi.l.:.“.q ._....___J_.___._._...._l.t..w..”i.u._u 3
- ey . e R by ey § -4
e A TR
L T P T T By L iy
“ .lun.._u_. y e .-I_..-i v.w_......}.ﬂ-._.r.l‘

LBy e

it e SO LSRN
- T BL AT, i T ypveL
BenE s R iy
. -T.-.‘.__ ] _“....-..u"_ﬂ_ .-..I_H.I_u_..u_.._. lud..*:..h.ﬂ...—-. —_..m“_. |
- Huh.__ u___.l._..........._.lp..-..-:.u_..lnrm_...._._._r.w
= B R M.Jmﬂ.ﬂt p=ep
J%Hhﬂ!ﬁhh F o X H...l.nrrw
Tt 4 M A AT ar B LY
. o el or N ! T -
DXL A TART R Ry ik

i e ¥ L, _....h.ﬂ_.uw” T |
b SR ey e

e T

r o L A )
i e T uu”.#.l-.rr.q.ﬁ_-.!r._.i
Tl Hom | o, & apw oy & W .Tl..r._r..
A - Y ; .
eAn b S e e oW Mk
ot S AT A D A
\..wﬂ...-.._...._r ._.._.r..._.._.._ & - .-._-?i.__r.__.__.... Foa ¥ .3
I Sty 3 ﬂ.l.ﬂ s e i o
..:.un...ﬂmm! Ma _MH.F R WG4 e
" [} .J__- ..-_-_lr.._.._l - .-__.“\...I .-r....___l....h..
» .m_...?» ot S “
¥ ket 3 JIL.-.I. -

W Hf..-.._.__.m..ﬂ-...r.fh. -y, — .l.trliﬁii‘lﬂ...ﬂ..ﬁ“ﬂ-

g L2 -~ £ b
PRCA O et e gatee 4
\._._._.H.I"........l. ¥ ™y .".H..lﬂ_-. - .“.hi\.l F
e e i v...-_h .__-_n : "
.I-Irr..... £ .H._P.._._- u_....-..l-..._ ._-....l___ . 3
bl 4 P ar e oy
> ageg et

<y

e R R T e
 inle 3 AT N DR T SR T
...:L...HJ. " .._..n._...,.i._....__._u_.__....n ._.:-l_..lrh. .U.n__“--..d.
et F e wtav m}mfﬂi...ﬂ___. ol )
ﬂ.m_......_u.._m...m B ey et S e _..._Huﬁ il
e DRMAN o T iy el W
e WA e e ] e

o

4 lr—n
il T

A
f

r
-

T
L
'f 4

e |
L
_:II:;'EE" ]

4

L

T
S

_-_"..r..ﬂ“.._..w.'m.r E I T =
it T e, L ey ey g o by 2

o LY T
tTm:ﬂ.h}ﬂwulaﬁqM_, e Fepgo
T A = 2y e Ty
L T R TR o sy L T I e B
.:.J_....wl..._. u.r.-.vﬂ.u L Y ..h..-irl. f.h.luml.t..__ .__......l_..w.__.
o I o Tt A
At ey g R v RIS
e e i o

e
Hﬂwﬂ ,

S L
. .riil.ﬁ_l...ﬂ.-_l.-_r...__ g
ot e e AT R g
s .u\_._w» o L
" m.uv o .—.llm.mu.. “ oY
iy, e L] P
J _“ N L b

4]

¥

|

...”....-ﬂw_..?.mu,..........._,l..__
e g SEe

S

Fig.

10l Heans
21

t

14

d
2

L&

n.i_ N -
LR

Laser

T TR oy o ks w O SR A

tus 1

. sl

15

o —— drk

ion appara

N
14

t

irracia

LLaser



US 9,415,463 B2

Sheet 4 of 10

Aug. 16, 2016

U.S. Patent

. ....u....._..... . : . . O P R R s D
PPt

AN
RPN 2o
AR
e e .__.lrﬂu-_._ o _.u_-.-.r...r“ ___.ru....rl.._.._.-.-n_i 5
R
» ..l...._. ~ e e T e e g
Tttt e r-_.__-....n.n..._.._."..___ e
I.__l 4 1L .‘lr'llll_-i..-..-.l. ._IH o L X, l-.l.lul _IHI. .-.l l!-.-.l -
._.-..".._.__ gt
-“l”...r “_l

L

o

-y
Ih{::h
E‘

)

e
» _F

-

&
A

o
5

o
o f}f
-4
5

s
5
e
Lo
rr

zz

'F L
=
o
Lo

)
r-:‘{

ek

ol

st
.f.l'

S
I';-, _1:5-

i
o

LA P ey

St

%
ot

7
'. iﬁ. L
s
} b
et

e

"y
L gk M

2

i
" L]
DN N U I O

ﬂﬁ’:}'?’ :

T

AL

e
%

|

.-'::. Ll ]

L ]
J‘i

t:.
»
H“I.I
AR

i}
B
_{ﬁf P
Py
o A
4 F F . [ N ] . LI

L)
L LN N

oy
s
s
"y
'E:.w

L

L]
L]
-
r

7
o

-....._. ._...__-...__ -_-_-”-_._-_...._.
4........1;....::...alﬁ..
: ”r..\.‘w".s._..”,_..”uﬂ....‘ meby ity
- l}.!&....-" HI}FI"{..-‘"
h __.-. _ﬁ uﬂ-.._.-_-r..-r._ff”u"-ri.ﬂ -.._._..-M_.
L e s
R DA A e

]

F-;.F’

o
werl

23

n

1]
»
L

s

e
e

e
gﬁ:— o

i o
Tt

e

|
JD_ b | i....‘-.'.

o

)
3

i, e s e e
/ . ] n...“.ﬁ( l "
& w u--n.ﬁuphnnr-:r:rn?":i. " an...._....-.
AN t_.uu.."um.n"wmuw”..
o

.— -”..n-"-uﬂ"n._l_-.r BN
' ....u........”..h...,.ﬂ.n Ch 2T
'y = "
sﬂw -.”..-.__._.- .lnun_..u-.".-.._.._-_ P

r..r.u.......”...n.xﬁx
g e -d.._-ﬁ_._.ﬂ._.____..-ﬂﬂl._.

2w
Y/

g | ail -
i

-l._-!_n.l.".- [ I - L .Ill.r L] ;
vl o . X \ N A
O . . . N R A
[ JE I §

L} -, LT M I.._.-.hl-.”c“

":rl-..-ru_..-m "_A_.n ._“J- o

r - = L ]
PR R
T A R

t—. r ) ' | 2ty .
= 5 : L% e
.r. iy Lo . .. : ,
- " u e ol

FFYER

ii
T tar

ili_‘.rii

+dwr

\
\

AWeh{N
SRR

3 u._.

LA R

A

2

i
‘I:l

LS

-

AN,
o S
el
o
e
o
Y :":""
s

-
L%

A
)

f
-*::

I'?:{ ._i

L
& {-

-
s
s

e
e
e

i
s
P

]
G
4
i

-
rr e aF i i F+aFdTh

A

S
7,
S
e

L)
!
L
L
il
FE s - i

-r‘-li

AR,
by, n e

e ! , b . .
, . [ ; ; - uwlnn.-_n...- ..Ihr lu"l "

.i‘ J...I.‘. L]

...... R R A AN
SN

(el

-i:-,n

) -.:nc

;:.31 -
*3
v
2
o
L -Il"l-li-'!llli

o i{l-"
o

A

a7
r
.

9

-
Ay g

g
oH
.IF-I ';t

L
#:IIFQ T Haor

.-
o
g

L

4 sasrpsreddd

B

(3
z

o
F el
2"
l"I.

F‘-ll' L]
T

E, -”I #i
IR A
..r_-_u__.-....._.-..._.-....- .anm% r...___._-.-..nrﬁ___-._.._”___.ﬂﬂ o

S e

RS

%

Pl S
o, I‘I‘Iﬁl -

F l-'i.: e 4
-.‘lll
'||

t';-i:;f"'
- -f. - -‘:
i

i
-
.II'II

kd
N
i

e ey

U e



US 9,415,463 B2

Sheet S of 10

Aug. 16, 2016

U.S. Patent

..
W A
A N

u”_-l .__‘I __. ..: _l Jl.__ l___..-_ll -_l
R
g Ty

S
o

<

e
=5

*-
¥

» Iﬂ'
ol
2

non
2l

1'-'_'!_,:'.'
i

s

T
M

s
P
}:‘?ﬁ. 1:&:}

o
I.:il
LRy

ok

o
e
"

K
& F
icdr
e M S ]
4 &+ FEFAF+dFTF
. P E X ]

s
A
"
¥,
4k d

il rd
-":'{
[ -{

L,
oA
-l'ﬂ
P
]

o

-,
o
L]

P L A 30 S k)

S
b
S,
LA |

s

P
-*::5:
3

Ly ]
X

n
'-h ol r. n .-'-. ".-.?
e e ....___-.....-.4....._

B4

v

'’
i
i
5

x
e

I e e o
Fbemad I r.”.-.“_-..rl.-.frl.-.'l_lH“J-_

Tt e et e e e
e ot o T, T, Y
AN A N
Y W W
PR R

l-.l Ll d 41 L%tk

.’ T -.". -.f .‘--i

awmh .-..-.__..._.__.r._... L |

rrn..._.,.rl ) __ﬂ__.
SRR
" . ".."I.“. l"l.ll”.a. I“.J L |
SRR
AN
R AR s
0 R R
e L s A b L

N L

- H-. r - S L
R A AR

aLE
e
LR
L4

s

N
"
f g
s
:',.

S
:

e
A
'{l:{i
Ao

3

{.
2

.
*

i

t""::l: n
2
L
2
o
"
-

-+
]

AR
WEiD
A
F
o
.“l 1 Y
Ly
| ".h

k
]
b "l

S X
SRS

[ 3
*

L3
| ]
L

%
I‘j"{i‘
;

o)
0
s

e

r Y

o
2

i
e

& Ny
M._.l-..ﬁv_.lm..“ o

e
o
A

-:5’?["#
! ';; o

a
Sy

Al
7
2
7

T
b
S

T
[ l:.: ¢
ﬁl 5‘
A ":::"-"1-:-“
UL
Ly
o

o
o

&
o
3%

o aty

A
T R
& AR ;
...n-._- N .-.-.__.u."-..r___-_-..nu.u._.".."..i. e | . ' Mt L . \ ., X E # a.".m..-_.__.ﬁ.._._-_ ﬂ
S R S e L O . : . SO 3
N L s : : DAY 3

H.' ll.l L d
-.._-.r.._..”___._-.._. =
T _-.Hlu_-." I
P T

L | J
L] L e [
..#“.._._-
LN

R A

-
L

.
2

e e e e
Ly -._.-fu_ I......-..l-... ) _.___.____‘ t___.;-._..-..- -{ )
““m"%ﬁ—fmf w ! 4y _"_-...._" o

.-ll -H..I -i

]
'
o

L]
iy

S
5
o

¥

! i eyl
T s R R A RS
} o .-J..l!___-.ll. ._.-.r.-._...-.'-._.-.r

i B

Joa L

nid
i
P

i

7
&

%

S
N o'

A
AR

~

n

]

4

|

3

L

r L]

F bk kak
E R

S
23
s

=
2
T
{u
q;:"

:-.

e :' )
o

"

k|

o

A
W
]

1
]
-

S
.

(L
L4
L
o

‘::-
ok

3
3 ..._“,.._mm...._..F v
+__ﬂ"..___....__- t e T,
.rr..m“u_ 4u._.-_¢__r.nn.“._......
NN
| T

oy

L]

-.l.b..l_.‘.l!.-jl‘ ll._.- I..#i.-....-..‘.-llrl.

RN

R SRR 3 AR ey
e . AN A . R
..____a.-_uv...-n.....ﬂn.._ .nn_-._-."f MHHI.-. " . _.r_—l.n-_-...-_.a._ e e ".__“..._._._._.u-_tlt y Wy " "

o

-
b

A T L

» L
s

{F:::.|- L)
i
I

A

a -_“.l.lllfl.h _J“"I.-.!“-l{ lj”"" m, R .I._fl.l.f..-.-..-_.}" l..f.l]-.ll.llf.

oy o . e g \ Ay Sy
R RGN _ SaaeTiensaen
, ™ N P e S
2 B R e N N
R R .,.._._..m..v.._mﬂnuﬁ. R
A A A e
A e A
L | .!-.i.
..."“..Wu...._u..,.uw...“_..“.."...n...-.}""r...ﬁ?. AN
R A AT R A e e
DL R AN
ety W ! L N R
| Y k L] ; k L | | 1 L 3 .l..” l-"l“il_".."“.l l.!“ I“ Jl.“..“i...‘

oo
%

-I-:h

.
r - .I |
A5

s FTE
+ 4

|
-
o

-
|
IH.}*

L
|
L

o F [ ]
e

S
i

b
futi
alx

e

b

-.- L} [ ]
i el
o A
e .H%W-..-
et

] -

s
o
oy

L

'-i'.:':é‘ff
3 ||

o

i
-
2
ek
R
2
2
o

‘2
e
%
..'.;E

7
o

"
L
o

e,
<
2
o

ol ]
o
. ::::.'
A
-|:.-"

Y
¢
£
f.
5

AN, AL A RN
II.I-.HI.- l.l.-.-.Hl JI... l.ll. l.- I.- l-.{ N -I
l.l-”!lriii:".hhua!hf-”-_-l..-”‘it_—.-_- {- -.- ".."l

l-.-.l.-_.-. I.l ﬂ!\l—l-..”___f-
" Ll

N

r}ﬂ.i
:"-"
£

¥

_ f,g
Ay
I."l':.:-’I | ]

s
o
2
N

o

%’6"

l,i' ]

i,

.:5}-

%

54
e
553 .

..r..- iy Y A ' » ; : |,
s oy e S e A A

gy e
s i e e
L o { ‘.— ‘-‘ "I‘*‘.H ]
“Euﬂrf.?x..‘uﬂu?“
.-.I

4
.F:::;,};
it
5
7,
e

|
AR
o

Lol

s
:'::E}.I
iy
-r}_E:-"'
75
i

-
v

n"::f
o

%
h

) e )
n I - A e ;
* B R A ™ :
i n e, ..”".m”# s -

e

i

e

o

o

A3

T
s
ol

".:'I
Ao
y r'E:E
X
re
e
s

iiiiii

&
%

25
rq:'
rhd
G
%
i
3
i
]

£
[ ]
i
i
) ‘:

L

r -r“l f l’.l-‘l-l"l - L

MI- e
™, .

o
T

i
3%
5

;

[

A _-_...- 'y
ol A . ot
.-_uvj -.":”-“ "" ..-_“”.". . . “ H““ .”- _u..d.____-....u ..I....-”...r-.“ ._r.r.h".
LB " L | L] A
%o U
) Ntf“.-.-.h."i”..l i
" e .__”t.._ =

r- .I.ﬂl. li-ﬁ.l lI‘l. r
«l“”liﬂ-ﬂ lnH“ e _”!-.f

aan e e tn a Ty
._. w e

£an E

=
r _-'.l"p

&

Aajen e e
LAY M
AR

*
Ty

<
L *+':I‘I.:‘:l._l‘:i"l-.:l‘i L ]

4

i.-
L)
%

L

b
o

*.
T
3
L ]
"
&
n
[ ]
.
)
I
I
-
J.r
-
-..
=~
*
L]
.

2
R

4
LS
s
)
b,

-r"::

)

Y
AT

N

| Sata

o WA _H e

L o .._.n_ 1.-.1 -
I 1....!.»!.-.-1."..-.._ ....-..._.n“-..._-.-

.- -..- ll‘ If
N N

Wl
I'J--l.:'-lr -4

o
WAy
X

F

o L | L
J..

) “.."-.-ti 3 o ..Il-
R %
o _."n"_—._-.""ll"_.il-_-““.-.-n:t”_. .-.__-..n"n-___.“.._ , wq o AT ;
ol .l—_....-u_.__-H_. ”._-l.-"“lu__ _.l“”_..“".._u”- ._.-__.___“.._.._.r-m. ' BN N
.n__fvf”“..-lﬁ_ﬂ._.u“""”“"...ﬂ 4 .".r. “J_.__.".._ i e [ A ) A

|| ] ..'.
AN ‘
“wﬁu..uu.....-.....n..._..... e L P 3 Htﬂ"n#vﬁnrfﬂfunﬁr
e

2
7

F |
v
i

___M.nﬂ_._.-.-. e

) m.-lu.#—_
Mm”"w"ﬂ.u"wm N ' ._tnl_...._ -
P , Ay
R S

.‘H“.I'ﬁlil L | II]...I“I.”.".“

: u.ﬂ .ﬂ_-.r.__.- .-“.mu'___.__ln.__ﬂ._...___“l.._“.l T A"-“ o . .r... ™ 1-_?.4_-...___ -----
e A A SRR

RN
e,

Foa e e

. :.wh;;«w.uruﬂ.ﬂﬂkf;? .

RN

g iy, e LR,

SR RReR

.-H H.l nﬂ.l.n.i LI ..- -.l-ll i.l..ull.”.'.l.l .-H I.ﬁl-l_l“r. -.u L
R k ..u..u.r,..._,.n"..ﬂ.“n. ._,.r

ot
h )

-

| ]
-
.M

pes
3
.

-".-:-;:'.'ér'

T

:3"'; s
Lo

S
L
S
R

h

s

5%

o
i

o

|
-m
-
)

b | Mﬂl L]
SRR S

AT e
g g

A B x.ﬁ....,.m&hﬁr....ﬁ.«._,.
R

N e . . R R A e A R R ._.hn...mw.? . .. .
R T A TR ﬂﬁ.ﬁ,mﬁ.ﬁﬁﬂw.ﬁ PREATRERNEIEN

T

o
“h
‘I
"y

L B B R W L

g ‘h':f'.-'.
L] }"

!
M
r
o
il

e
oo
| w lnli

L]
i
'l"‘
'I-

<

9 A . L] .l.._._-_. vk M _..r.-...-.

.’“F .'l..'..l..l-.-.rl I.F-. o re T LT - )



US 9,415,463 B2

Sheet 6 of 10

Aug. 16, 2016

U.S. Patent

11

Fig.

N e o Tl g g g g P o g P =g

Llr. f.llh.'li.-l.l ||
B

) o by w Yy g
sone el
\ N ""”"m.n..mﬂw.......mu“..ﬂ“ X

B A A L s N S ey
et A e N e e
l”r-.-“r.-.."-.“n-n
S

E
[

Wy
e

o,
.il
o
ra

e

lllllll

7

<
A

of o
&
L} |

I'I.J.f-
b
v

l.I lﬁ ‘.{ F
i
A e

il
-_f_.w“_utd -.._._.._._-t

A

%

W

ir

e

i

L
fLds

Ry A
ol

i.-.”-.”ru-._.-.. )

o

-H ._-
l -_rf .-ﬂ -_
..,r._..,....a......r.,_..
e At ety :

r .-.A.-.._.i..-“-ﬂ.._ "-.-f”ﬁ.”-.u'“-_l.-ﬂ.r_a-” -_....-“.r-l”- U-_r.-.”-.”I.F " n
Lo e .-_ln.-. _-..I.-._..l...t_‘__.."'..-.._-_-.r.u_.“r.....__ =

by Sy .-l._-. i.-__-..-l....ﬂl.___ iy l-_-. l-._l 5 _-.-..JFJFI. " . ] -.I .-.:ﬂ. .-.-. [ ] r

B B R e B e o i A PN

A NN A N I
. N

i
L

n
- l..:.

¥
G

P a

i 1..ll’--lllull
s

4
e

Ju

3

Ii::

.i

] n F
N bt gl .n.___-_.-_-. 3 ) ;
DR SRR DR
B e ey RO
LA W L LN ] [N W
e N LA
b A e O
o T T N e e
Seu

o
L u-:$

1ol
-
o
.

.,.".u..nf._“ :
R

f

7

o, -._...r ) _._.“.-n__-..w_._.u..nuuﬂ ------------

e

-
LAy

e e

.};'#
EF

T
-

)
o

]
-

i I-FHE.JEH.-_#I..I -

i

o e o

M e s

o
.ﬁ

]
"

-

e

Lol BN

¥
o oy ™

1

R
Cusrl

44

.&:‘“.

2%t

X

-

o

-
L]
]

':‘H

F
[

)

{-"
AnF
]

e PR
L]

o

LNy

-E:h'l:'l

Ful

[
%
Vi

E'i'.!
st

.:.:-"

‘H

o
Yy

sy
AT

-

ol i_.u. l.'l
o
oy

I “I" ".

'l

L
i‘l‘
L

£
L]

F:I'
ul
e
"I
o

oy

i
o

e

.-.l“'f.-.- -.-”-.l f-‘f-.' J-.

g " 1.-:..““1-.”1._ e N
) n L3 T Tyt _...-.-l._-.-.-l

. T e R T e e A
F, L | Y, r.-'{- '.-'.-.l.. iy lﬂ.‘. L 4 E N Ll % ’.‘ II T ‘-f-. f‘.;’-.{ -‘*.f.'
e e ey SR i e
u - 3 'y o M J._H-._- e oy

L] ‘“A L] A

o

o
A

Harteh
Ll ld
[

fa
e

- ...Il L] -J.-. ity

q’l
“r

i

2

" ...___..._..-.._...____....__._.ﬂ

(R

g

(") ;
'ﬁ.-' .}“ﬂ‘.‘-f ..{'
._...u.t”a..l_...-....r._.._"_-_._..t.__-

-:-" h

e Ny Tty T

W d

ﬂ.- ﬂ’l".—fl
g M

||
K
L]
- L , [ L] l" .-.-JFFE.I-I-.I h AR LFL

e

s
R

e
O
v H...#..uﬂ._.q

AT
e
%

it
o

2
el
i

-
o
ll'

:{3:1: '
[
?-:é

e

b
i'id"!l i

'y .-:{‘:
i
X
s

i,:,
,:;ff

x .“r g -..-_-_.._
; B
a -f.- -_.--.-. I..-..._ J ] T _I_-.lr.‘_- L] l._n
SN e N

-.J_-. - lu.! ] ..-. ._l.___ .Fl.h . ; L | n o |

AR AN NI
f“lﬁ%ﬂiﬁf]“."u"ﬂ“ﬂ!!—fﬂl—ir il_.- l._.J L T ] , [ . -.l.-_-l_“r"l”H.
A

AR

s

ey

] J.

e .____Hn___- ..._..-_-. ___ﬂ._u
i oy oy

e -.-r...-_.____-__......w_nv-.
s A

G R
._“.I o dl I-ﬁmﬂ L] II.

A
] .-.'
¥ R NN
- X L] - lni. lﬂt.l. -.rU - t.-i_ .-F ¥
u.r_.-.r " al.....i.u”. . H“H.._u.r._.u.r-ur-n\.r uu_...l -
TS N A R
¥ _-..__._.-u-___l..#___ ) o e B o . g | e
e SR _ _ o AR
A g -.u..__”. ”.r..._-wnr H-.-.._.-.._ﬂu-_._””.._r

- ]
e

F
W ::r"

¥

2

L]
u
L

.
"-.. i
'.I : {
e
“H-h-

R

»
-

o
A i:ﬁ-‘-

Lr Y
A

y )
e

o

!..-
p e

L

/ q?'- et
L
L
Wl h »
x oy
W __:.1::::1-"
.

”'-l"l.riliﬂ.- P
= %1 .
SR SIRNRENNG
I.__.lru l.-l'. - : !
lli. ﬂl.- f.-.
M

[ ]
e
Fa
_:;}.

& .

-
-

L]
I"J'
(|

s
25

K
R4S
ST,
Y

<
-

>
oo

s
%

”

42z
4

LM
o -l o g

o
] -':

i
L : 5’} -
<

%

w al
¥

e

i

ot

e
%
:h_l.. ?._

Y anm
Ty
My
Fy
o

*I'i-.-:—} -.
%
H.!

o
5
2
p oy

ol

| W J

Ny
o

-
-

I.'I I"l'
P

Earatetat

¥

A
i

[ )
s
7
w7
":p-"'-" s

”

vX

£

b
2

4

g
7

’
|

r
¥
s
KA
l..d'
N

¥
o

e

e A

s

T

-.:.li.-.!....-.ll i.u .-.r -._-

l"'-‘I l-"'- LJ

n) .
T
et u-u.q___....“.__.._....._..n

i W)

RN
B | ]
i”f#_” .-.-l_l I.f.

s

&

u
L §
4 ‘-" -
i:l: ll:i-"l"

-.

¥ .-i': *‘q.
L li‘lf_-ll' ]
]

L
.1-‘-! | ]
.
lr'-l—il’l' L]
l"
r

Sl -l__-:i"i
o

o
S
Hh_'a

i b
]

e
N A T
SN
v _..-.ﬁ_a _._......_.”_..“ _-u'
-.._._u...._-..r.___.__u___._. A
‘{.l. -{-l L
s

llllll

&
u.._......_..

[y
L]

l utl l II 'I.-
I. .. ._. .H - .J_!.‘-.l" .-Ilh h.
._."-..._.... . ._.n.__...-...-.........,
A LA

.I_'l -ﬂl_li.ﬂlul Jl. A

"aay

o
}.:' l-.ﬂ‘ J
e
s

o
el : w
o
o

-4
-
-

'y
llr o { .l'.
o

-_..._ - . . . ._...-"_-..._ ____.4.-..._
..-...-I......".—.u .v _._._.- _: _-_ .__"_.__,__U._-.__. _. . . "-._._.-____..._...-
R N AN A I A R T AN T G i N R

o

*
¥
u

]

1

+

. - ]

L]
T



U.S. Patent

-----

-‘.l

vt

.“ :
I- Q

)

R

] 'q.i ]
- ] - l'!-
N
] iy

ﬁ'l.
S

&

2k
R
o
i

1:,."'..'.;:'-:

‘I't“.
s
A

TR
e
II'l:'l,.'l.'I

5
S

'I.

E§
N

2
(v
Sag
i
i

X

I
h

x
‘::‘F. A
}l-

s
oS
N
4

y

Y
'-e.-"-%:
G

Il_l-
s ‘::

Py
SR
-lr_{'d' l‘:;: ll": E
SN
o
SR

Mol

0

e

W

e Kol
et
ey

F

8

4 Mk
A

o
‘.i'l ]

Y

|'i +

__.
A
S

]
ey ll''J:I"'ﬁvq.'--""'-'- )

e
)
NS
ll":"'ll".l.1|I

BT

A T E
I,.ln-‘l
s

N

n
B
i
i

[ R

. l.': 'l..:'::"“
raty
ek

1' h ]
F)
waney

s

L
-.:.H-q.

A

-

Wt

e

..

"l L

R
o

ity

h

R

bty
e
-'ﬁ:: ;

n
":._l:‘! L]

s

I

SR
'.1:5" lﬁi'

g
N, ";'.l::l |

L]

.:"-._~'

I;"l 'LI

== r
i

t.
R

Ay s,

)

o

ISR E WAy
-:::::35::-:_

-
'I

PR )

oy
e
%

B e b

L

i By

‘.I-H-"FI .-

Fuih

)

R
", .-I:I:' ke
e
N
-

oy
-

T
-:“'3-

o

ity

[ ]
Wik

A
-:-‘
Py

o ¥
N

_.'l I‘l L ._;l
% %.
N

o

."-.:."-.."
o

o

‘l L1

N

%
'n:::w:::n 1l--|'+‘-l' 1
4

B

%

.I ‘.'I-..‘l

i
.-l. [ ]
N

"
D

"
e

)
Ao
ol

AN

L "m 1
L3 ‘.l-' i“"l “

35

y

i 8

O LA

ey
L J -r .F

e r. - l"r Sl o W)
.f.f"' -‘.-l' [ o | :.Il'l
%

i

P
Ty

W

O
s

L

4k
[ ] " |::.ll |H‘

o,

.FFII ‘ '-‘I.'il
A
N
ey

2

Ry

L

v h 'l:: e

PR

!:.‘::'h

o

.l
"
~

Aug. 16, 2016

'™ Hl:..
e
o
.

1.!- 'H"l

o
-._.
[
L)

- ‘I’ﬁ
o
Il'..'-h+-'

al
'.._ d
e

"

.........

Xy

[

-

'y

L

o
-l:“ “':-
i,
y Tty e

o

)

o
J.'-.
R
" ! I:.'I

W
s L
Lty _::::'ft i
] bﬂt’h ;

L]
l"F -
e
A
1

lfh.,:

A
L
-
L}
Il"'

ey o
T

e

l:!:'l’t ]

‘{. ]

& _ul
|

s

|
AR
]

L]

ol

ey
H'
)

| |
'I,-l
gy
i
E

e
]
)
L

o

AN
R

&
mral

AL
|

s
B
o

.
!
v

)
]

‘L‘I | |
Fin

‘1:?‘
A
ot
[ ] LW |

ﬂ

T rm =

A

AP L,
A S TR O
ek
sy

e

:".ul"'r

EP e Sl

e

-l.-
L]

Lo

- '-'J{ |l i
e e
e

237

R

e

S

i‘

.'l-.hl'\ 'tlf
i

)
i)

b A
eRe
%

A L

E,
: _.r.::tg'-'

e

LR ) L
ol AR N
Sae
e

A
B i w {q
, ‘:::p::{::::r d'. d'" » »

ll‘iq;:,.:'l":‘ ::E"\'i"
ey -,
RS

X

Nk A
ot
ll"‘:"n:ﬁ,._

iy

b

e
S

fr

AL
-

¢ alf}

o

a

e

o

ey
e

e
L ‘_l -._:

R

e
SR

[ 3

y
o
-

|h -
o’
e

s
A
T ]
SR
f}:{:r:# t‘. -I' l-'
e et
w 'l Er_ -
T
L,
AL
O
l.i- ‘i

me S

(s

A

N IR LE

s
o -

L L] L |
SEY AT,

A R

ey
)] -:""I. W

ERZREN

*

? -
e T

e

-

)
L ‘#:.:‘I-.-I-.I‘

. o

o n
i

oyl ey

e

.-p -1.-!.1!-1":* L -
D
; *_"5-.;,;:5 >
Y :;:-::';:? X
A R A
P S

R AR
R s

.:.u"
ERA
l:_.r-r

.:u:"-:s..-.} :

e
G
_d::: Tl
P,
T

AreL

|
*

X

moE

Ll
t:i-'!-: '1:
") I-"I.' ¥
7o
- ]

e

AT

L
22

.I* ] "‘l"
M Rt L

" Ly | %ll. :-r“" :l- ‘t‘
‘.'I‘I o "'

T

N IFEE .

) N
3

A
o

n l.‘h,._]
#":‘h:ﬁl 'ﬁ -_':.'l N

l':-;
1

Pl

aiae
A

L]
L

AT

-

e

o

- ll'.I‘ ‘ll l'.-’- hAdE
s -~{;.+;::§F’l_,$:::’55" :
- lll_'l"r' e A 'l'"
a L) :I: ‘::}!:.'l' :ql‘l‘:':.i-i:r 'I’ »

A T
el
T If
Ay
n : :"'"-:

] ‘tl

ol
My % !* -,
e e
e
- i._r .
-

.-"':":"""'

..;"5:-

]

L
A
L
N
LR
AR

rrrrrr

i

fu

Lk ul!ﬂ' !

A
‘1'1:'-_"_- .

S

e
2

W
3 'l_“"'l._llIII e e

u "'Ih.;:‘ll.

3

-

y :"I-. " 'y y - '
e e b e

S s
LIRS AR T Ao

iyl
.:'*l' :.l .F

e
FET
WA

L :H .1-;r'i'
s

L,

e

l.' [ b )
AT
.::“a.:g;;:_:, 4
': -"l-l ]
Eﬁ:ﬁ'é o
:!ul' o -’:*
_ﬁ_'l'i_l l‘l -
Rl .
R,
S R
Ry

H:, .:;'_I. l}’

SO

il e Pt gt gl T R R i

R T

. ':E‘:.;:':':’{::‘.::f. n: é:l_?;

P A
e )

Sheet 7 of 10

e
R e )
R
AL

o

" T
e

s

W a

s
e

iy

3
1

| | t".'
'l.::a-"h

2

=

SR

o
by

l-i:.l'\._ A
si::: :::. ek
N
N
l-‘ :
[a iy’
T

e
RN
x4

2

LR
F:.
L |

s
SRR
T

L W
AL

¥

e
::i

e
iy

&
g
e
o
=

T
r‘q_‘-

-'I
.-I":::':
] .l"'t e
A A Y
o

d

et
e

3
|

o
ﬁh

')
'l:l""l"l"'
1

o'
N

l'i_:.l-- r

3
'I:i:hl.

"
..
i T L Ty

Y

LY
e
FaT
oo
L=

M
A
s

A
LN

-:E‘:

-

X

l.:

l.ll'
2R

' L

e

l:.l:::-
s

N
(a4

%
L]

)
't
i

e

.
Lo

uk,
|}

A ANt
w ' l'I'l:E:;:-_,i;: : %
| | "u*-' -.:'_l- [ '::: ]

= AL

PR

e

Fpin
A,
o
s
o
N

"

iy

i :I:;E A

NS RA

LA t.".l X

3

1
x
-

'y
e

N

a,
Yk ey
ey

oy

] ’.I-l‘i- o ] & o4 04 4+ b &

A A A D A

et
R T L I

R A i Ty
LS ra gL

-------

e R e

A
S

i T o e
Vot

i r
e
e

e

L

L
"l
L] "'r

L |

ok

-
L e
-

HF’I‘I‘I 1
L qhH ] l‘"h l.,'
e

o

1wy

,

o
'

Pl

e
DO RN
Ly

T

'Il—:!-'l.:;f

1 Ii.l'_ll_llllqllI|
N

et
X

]
|
o

Jr

i"'I'Il| l._ 1-.I

L ey
e
p

h
L ]

- =

IR
.-:-:;:-:;:-:?{ RS

LI, :

H-Jd ]

Ll

: "' q"_' g ol :-.. -
ﬁlf&i‘tﬁ%:f;'g%ﬁ:ﬂ.-
e

>

e L
A S e Ll
R A S S

L] i._-l L. e sl ) N
v :
L)

LR
5

.
-~

wTa T .
AT 2
L R R e "

L RRE R Ll

R

"l qu

oy i

Lol

s

e e e
PO e PR S, ;‘g:ﬁ-r- ? T

b

[l

2

.-r H:j...,“ e LA _; i
AR R I

R

'I"ll ".
R
| ] ":"r h_j

)

A

L] 'I‘:':
e
il

o

Wi
)

A
[l |
L 5 'I: I"'I
I':;:_'l-:.l;
ql‘l.‘ﬁ'l -Il‘
A

i

o

¥
|

L

b
Yy

.“::.-:l.'-‘

M
| ".‘F
N
i

e : R )
LT : e ety
i | |

u a F.
L,
i

] |
e
I E R R

ol
l&: et
T e

L - ~ ] :é'{n
WAL
o

[Py

r_n:;.'r.
-u:r"'ln "::F

mer e e’

& | _.h'
‘-‘I.Il-l':.
£2r

¥ "E:’:ll )
L
e

S
ey

T A

)
L]
)

; ' ul':'i
) u-"l-'-'l""'.l"'
S
e e

..... ?-:'
, ﬁ:é:ﬁ
- 4 }-

L
g

PR
53

#._ A

e

..-.=-}:£-:.

T,
e

Al

7
A
R

BT

e

a o
ATRRS

RS
AR

e

am

Ay,
e
-‘E'::w'lfx

223

e

'1"::

s

ral

W
I

! r ‘.:ﬁ“l‘l‘i:’." o b..- .i:‘

s

E A

T,
-Eg:: e

e
KRR e A
ARG

R AR AR ALY
CnYy

s
R M L,

-*-'&, 5
s
:f::f‘
Kr

| ] -ﬂ
e
R

et L

S e L
e Ll AT

§4

2':}5;3:1 | ] | [ ]

Oy P LT o
] "ﬂft"‘ﬂf‘?r .:.:F:'h

" i ‘b 1., "Il F .

L R e

BT,

ri' o
P

]

R

o

R
X

U P LA N 'l.ll

. '-L':“ A é'::n"-"::;jﬁi

- w
A A
L '_J ‘E :Eé.:f:ﬁ { :::{::':::_-‘pbi l:.i_ ||
b

US 9,415,463 B2

:‘."&.:,

|| F‘E
L

E
e

. ""Il'n:" I":.‘
]

-
e
e
'I.I “I

Wy
o
. .:"{

™
A

iy E‘% o
ey
.1*{:

L]
w

]

I

‘ "
'y
h‘l '-
" E:::

I

o
RS
r

L] ry
- - e Yo
.l' |
F

]
-l'{"l':' '-. o
-l'l"r -r'n -I"l-ll"i-u'lp

R

(s

oy

. L]
o

e [
L
I‘?
l‘l“l

o

L 5 | 8

et
-
o

SR

o

e
F‘."l‘l -..

-
[

‘T ‘l::!-:
y

s

Ly

T

T
e
RER
n, :l'"
S ELR
Ll aatm
QU
e,
o

".I-‘
e

[y

Fy
ot
L)

3

L)

‘. 4
Mty
-h-'ﬁ"

2l

R
o
h |

o

2% g -
-1.?.
%

Nty
A
Svs
o
[
"y

1]
.I"-'h. L]
A,

L}

r

L | -I'-.'I' L]

:'.‘:'..r,cr:;:-‘-'-':-}

A

K
3
|;||'-|

:"l -

ll-'n :1Il|
Ly
o
.'i

=y
»
"':"-"h

..Hr'r-ii'q

BB

q,.l.
ey

e
]

W
w0

Y
xR

LI LI A

W)

b,

I,
G

I'llh lI
w

e

AN

e

lllllllllllllllllllll

ll"l' I'l"-l"'l'p* e N n e
e .ﬁ.

LT

Tt e e
AR,
SR -*w-*ﬁﬁ-;f-:

o

a W Pl

'h | -I - d"-.‘ h
. -.l 1-:“'." :"i |
.'_‘.‘E-?':EE"'}:;-":% S

----------------
.

-------



US 9,415,463 B2

Sheet 8 of 10

Aug. 16, 2016

U.S. Patent

'
"
'I-"I

_,m..wwﬁmwm...,.ﬁ.nﬁ N b Sl o . o
" H x uf._-_._r__.._” _-__-1._.-”1 .._lr.#m ﬂﬁﬁ%ﬁ#ﬂﬂﬂﬂg o X ] ° L e L AL A O L R RO L, L Y LA | 3 B LR s RNy
- -" ll l_l M r . l . Jt" ] [ ] | ] L - ] | L3 + hE N ] L] L 5 L] d Y 5 E " L x . l".l l..-ll.l” .l.l!l!!-l.!.-." l..-l. L]
A, xS : MELT A
e

T 5 I,
e R o P! e e e A e b e P SR
B T B M M b o, b T e e e
wae R M NSl
e Sy -
] -__"-..nrr:.r‘"rnl_.....-_

4 F LA -_I.l.I-...

e

G

-------- I'J L ] - LJ r r

Sk
%

r:ulE -l:l:ir:l
- ]

i
2
ZE

LA

C
-l

4

a4l L ]

- ]
7
L] LI
-’
Tl

R
u

" LY e

':":";4 )

-I L] l.‘- ...- -.III-I ”.‘
A
e i

..r.l ] ' - L} l.l' k .-....- .rI._ 41 4
S ,..".,...ﬁf.,....ﬁu@
..... e e
A LR EA S

T e

]
b

¢
TR
ALEGS
o
o

ol
L

o

Zas,

et
Pt Lo
o e B L
- ..Hu{..., g ..“..un.....,.

.-.l.- - .lr'-_l. l.- L - 0w - JI
Rt " b ale e v L ZeleTelelnli a
SRR : B N G A B SRS
e e i e ey - L g e it P et
e e Mo o T T e e A2y
Malta T AT ey o,
TR A ) N __.",....um_.n...m.w.. 2 .
R : : s :

ng T

: .-_-.-_-_."._”-.- " . W W, oA - o
‘ .mwﬁ..ﬂ.u...m R ; : : AN
i :

Agn kel
Tt
R R
e A
e T
LIy Wy L] i T | k -..__ L | | Y
O S
o o ] E L L | i oy
D e e e e MR e D S
A R e YA o)
e e e M T o e g e
Pyt Pl ., ! il iy T L L X , L L e N e B ety ._.._I A g
. . LA i A RNAINT

A

1

"‘:I"I'
Hl" []
o,
.."F i-
e

~
Ly

e

%

=
AL
LI |

.
Wi
"y
"
]
Pt

-

YA

[

7

lllllllllll

s
J'.F::r"

an x nd _-_-”ur._- _— ™ ™ L. .I.-_.. 2
l". X n.ﬂl“? -.l.l.._”l l_-_.lll’ll.lll. - - nll. ar .l.“t.l-l.il-..l . L] -
.“.ﬁu.“"ll I.l..f-.i.rl.” " ut l.l. Y ok EOE R r I& i.l-.-"_-_i.-”l“l_l ..-Jll-._ i 3 .
3 R 5

-_._J-.ﬂ.rr" .r-_ar ...-.ﬂ-_ .--_.._-n.._-_..._n..._.-nr-...__-n -._u."_.-.___ )

A e
LY ..i:-r-.-.&l.-u...“._.”...-" e .. " . r N . . -.“.r”nﬂ-l—“.-.Illl.-_.rl.-.-Ih””.”””“ﬂ““."m“-_...-_l.-l.ll._-I—H.ll._..-..r-ur_-.I-_rl.--..-.-.ut.l-.hrr-h..l‘u_-.-.-_.l.-.l
] oy Tk Kk a W, 4 L b n l_l.i L -i L | __fl_llll ..f.-. l..l '-..l lil .-..rl L lr- L] l...-l ll.l u lfl_ o
----- a'm y e T A : ) ...r.—-._.r.”._—l..._-”_-l"_-....."..":...-u..“t-."..". .__-_i_._-_.a._-_H“-._”"r....".rrr"!..a"r._-_._.r-.“...._“”ur...._._" .__"._......___..._..U. _-_H”.s_._l W
- K b iy ", _1._.-...-.-.__. L] r._-.-...--.___

[ PRt LN LN L | * "+ L | it l.w'
e e e e N B et

'-.'
"l. ! ’F.— '.- - .l.'l. - L L =
-um“.-.m"....."-””..unﬂ..-u.“-. . .._nn.

T . S g ) e e e P e P B e P

P e .u\-hqa-&-r-f-?nh?ﬁt“l..hr.“._ r-.._"_. g A-.rthxﬁn..f..._..-.- ) :rl_._..-.&_...r-ﬁ......._-_
", o) -H.-.;.. .rF 1&“......&. |-_IH. _.__..._-..._..:-....r'f-_.- _..rr_.n....,._n )
R e R AT A .,.."“.ww AN

Bl ksl e +..I [P ]

Aok o Sk N om b el e d “ L [ Y —” - : L] 3 ; o “ .”- . .r - [} L] : | “ ) L} ] ! J_d | . ; l -I LY - ] X “ I.m”."”m.-“l.'-.-.."”l’.”...“”"!-' J"‘“”.muh”"“‘.-ﬂh". : . '*“.‘“.-","..'-"-"“-””'"'““l

o e e L o

[ ) -l?u-_l.-li I._. L] [ ]

:ﬂﬁu}.“.ﬁwuwmm N . y A
..ﬁ . r...-n.#nwﬂfm.h asend e

-F [ ]

S R i Lo e
A wmmhw..ﬁ.ﬁf

l.-l..-_.-_-.....rl- [V Ll > L .”_ ”.- 4 .-.. ...| BN S A ” - ._.Hl HM-!-“ - -."“
{F..-..—.r..ﬁn...u_“..".n...“..."..””...ﬁn....“._ . g, . : s ...u.u"",.....“_.“m.”.mn..”.ﬂ
[ ] x ™ [ ] || e . 1 - L]
AN A P R e R AN
A o e R

" uu.“”H"eJ-._. e . : "

ququququ

-I‘I‘:
P

e
A

oy
7

X
R
::{-'FE%GH

u
]
m,
L
*:F-'"

7

' o

- L}
- o
s,

%
>
5

AN TR .
e e ™
wﬂ.........”.".”.“.ﬁx..""

AR A e Sy G
l-u_”"“ li-n-ﬁ“.-“““l”."“"”-.- " oy L | " . . -_ R w AN A oy ”l. A ) ¥ L] “ “ ".I o Ty Y
A e . L . - o e o : S i A N A
T A e R : . . . v Ny P A A A
4+ B LW W F . H..rl.-..._.-l.-..f-_.n_..- . X N 'y , _ .-_ R l-.-._-.ﬂ- r_-. .l_._n .._-1 _-H.- -. _-.-__. .n#- .___-. _l.l.._.
AR E: R AR A Y
i L] , ] L ] Ly 3 ) [ * -l. b -..-..-. . .-.I-.- l.-‘_-.t.r.l 7 [ .!.-.r I_F“_.l a o
L] _r L] L] L] L J - r.-. L | L N * f ] I..I N ] L ] ] ] L] L] J.l
; . e
o e ’ FanTat e w.?@%mﬂ?m&“?&w,”u.u..,..ﬁﬂwﬁ...
i " ’ e T e " a ] ! - N Dl e e e Ul ol . o m +
e T N N NN o e R e
> e A v

- - ” - “a L) Tl . , v T N R -
. x a4 n LI - ) ] . a g . ! O Ny el e

i v v ntan ) SRR e N e e A s . e Pl ) A o AL .,w.ﬂm....mﬂu__.h..ﬂn.._

S T L N s 1. . AR
T IREATRIa R AR LA A ) AT A

DR N R O AR : S

J-.I_-i -_il- A L

e

" .._-..-.._ T l....r - - -.._.-
R 3 ;
e .ﬁ.wuﬂ... ..ﬂu.?.....w.

&

rll ll..l a il L} = !ilni“ Il %
e L -.n.f._- ) i .
Sttt

L] lF*ﬂtl’_l‘

2
s
ANy

e
W
o

e
2
2

%
o

ol

5
s
e

.y
l:l
ol

.:;PI
&

| ﬁ}&l‘.ﬁ

.

=

<
5
%

X

s

e
e

R

.I'
L1

oy

ORI o A A A S A . .
U ..,.‘."ﬂﬂu..ﬁwwwuwm.ux.u.x““.””mm.,.w.u"“.“mm.w&. e R (R, o
r-_l....f_u.l_ [ \ . | [ ] i h II Iut.l"ﬂ._-”l" ...l. y

e
s
‘e

5

T g

o,
2
.
i
27
X E’
e

£

'

ot
s

e
-

=
i
e
Ml

.-__Iw
.. . .-. .._.__._..._-._....-...r.
,.. .qffﬁ.,ﬁ;fﬂ...wﬁ..
X . ' l.' ' i III. f.. fl..l.-l. .fl '-I ;H fll.l lf.l .-r. J . !
NaRtA L 1 Sy T T . AT AT AT A A A A RN S
l.'.'.l!‘ . : . " " N | . : S ”'" " |- ) ,.* f' -..“' o I- .r 5 " L Jfﬁ*”'fif”ﬁ]}uﬂ.m.““”—mﬂ”wn”ﬁm"””m#m“’l‘m“”"l;
K b . 4 i-l rr.r:'.n - - F_-.I by | L |
N e e L L A e e e R
. }n.l_._ AT Ay S e et T T e e e A
. __..r.-_l o .-.-.-.p e u.-.".-u X.=n .__i.--_._-____......_l'll ) .___-.____.-.u__.-_-_.__ . R MY -.._.n.. _..J.dln-._l_-.r"_-l'.__ i _..:“
e TR AT W N AR
. .__......ﬁ“.....:u....”,.,..,:...."..,.........H............?.u.."_,.,..a

ek
S
e
Aok et
e
'f'

i

.-:{*
A
a0
%

o
e

-
|

ﬁ.‘."

i_-... .J.r- I ___.r.."

N A A
W e ey e T

A AR AP R

N .-.-l“.r.. .....-.-D_l..-ﬂ r..l--”il

-

5
i
.5

£

ey
A
B

o
o
¢
o
(et

L

L]
e
of

o

&

225

t
i
L
W
A

w el
o
e

o

I'-::¢.lr
2
e l":c‘

e

'

a :?.l.
o)
"
.-
o
r‘#}

T

5
rrr

:'E:-:.

- -

Ty v L T AP, L

Tt
<5
i
o o
1 -."';i“'r..J
.'::_'—u.:
ﬁ -
oy
l.!
i".l:.l" Pt
I’ | ]
5

X

i
P
- L |
R L] Il..l-r..lll -rl.-_

“ -.“..l..qn..._l-__ L L L WL BT, WA A e . i i L : S -t
g AL ..ﬂ.ﬁ......&w.ﬁ.ﬁﬁ. .....,._,ﬁ...n...ﬁ“ﬁ".mﬁnﬁ X
.
LK

=2

ot Aol ool et

] 'i":‘

[
)
e
ey
‘.

F
Fai
q.d & r

1-;,#:- e

F i -."‘l:::".$|r

Ll
"':&t':"r

LE & n

- . 1 .“-.r‘c-.!...- r-.ﬂ.r .-H-'" r”' Jm L]
I R
r - .1- .r. - - .'.. - .‘.. ;. { f- N r |
T e e T

SRR

3

o ::-’ "

;:-
e

e

L,
L

i .—....-._._.u“.r___i__i-P ..___-._.”-n

Pk

Fy

A
)
A A

e ey o e hﬂnl..rn.__...._.._. " n ._.__h” ) p »
ety D% e Y e e o e e w e M
f-"oo" -o..”. .l.l .l“-'.-;- .f.'f- '..‘f- f.-f ‘f.'.—r-‘ o '-. r - .J lh. | lr L - o ko -.f ..lb. - A .l' f. H.. L h'.—.. -".I K Ay ’. ? -? -‘. } b =
A T S e U S e ..v..ﬂﬁrﬁ_. e RO
2
u
)

%
r )

.

S

ol g

A

W

.

-4-
"

&~
2
o

r
l:::p.

-

AL
s

) s ; e ) . 4
e et . -_..nu” e T e s AT T ._"..__. .
h ]

Pl PR ) i LA AN A RN RR e TR "y Ry NE R % b R .._.”ru.._.-...-_ I'Fh T FF AERdh .__...___ _....nr"..__ & “...uu ”
..fr...:n?nr..-..-.-..-—.-:.u?....-..-.-.- ] .-..._. T wr T e T e u.nl#n...-n._fu-n_..n ”r.r-t.u-..-_uﬂu.l-.-__l..“ﬁr-—u"nu..lu .w"”ﬂfu"ul""uu.-._.ul“..hmﬂr uu&..ﬂnr

L bl ) St e ?__.‘__.-__# e L e e e h % L N
S O R R A A P R T U R EORIEES

A

-
o
i

o g bl

) e
l.l.f.-.i.l" -Fll .I-'.l.i.-'li ] L J[I.F li. .rﬂ.i l'....tl.' L1 . .l- .-.J ..-l.i - -I.I.I r.l' J.l - -.l .r.-.i. u L | L | | ] ] l.!#‘ ”.l-.
e 'yt i S ) T, My
e s S T R T A L AN e A v
LY

2
%
o

Y
A
y ,

i
o

-
I.ﬂ i

L] R
Ly
[ =
[ .f l.-':'|
T Fu

oA
o A
& ..#ﬁﬂ..ﬁ@ﬁ.&.“

lllll . ”'H.-.'-‘.r Ak m ow ke B kY o e Wk oah o wdl .l.'.'.. 1 il l‘.l.'l." l' l‘r-..‘ | L | .@.{ lr. r‘rr" }“ -”." .-”
o g s T A T D e A e e o S e e e s e el D
.................. R A S R S A Y.
R ) Ty | X s u nF
| e SR RN SRR S SIS
N -~ L] u [ (] L ] L 1 A lvlﬁlb. " ."f-'_".-.-.-l. LY - rw.'.-“"”ﬁ“"""}fﬁurlh}l -I-l.lvl l-ﬂ.ﬂl— o,
. . . . sy #ﬁhl.-uﬂ.trl...dﬂin.ffﬂu{-ﬁ““ L.."I -..ﬁuﬂi 2 3

L] " L] . ] . L] . i .l - ., ] ] : . L) .l . L on . . : i 1 ey ..ﬂ”lﬁﬂfl".-nltl' .-..hr.l-.
.-_ e T o el X - ! .- - ; [ [T I [ n s ; : ' f.Han..r ' .I-Il“-.ll”._
e . . ._. ) - - ) . ;\an._“”"-. .

| ]
|
[
n, o
A

r &

[

w L ra 3
[ ]

_H.d

L

A
o
i

e, S D R

Htl_I.J.l..l! ) o T T T e T e

L T L Tt Wy T I - -

O RN R R ¢
AR A TN R

'y . ,
o ..un...qu.._.n”.u_.-...u_”u.q-,._.r E e e U L e )

A A A A e
AR NS
S A G
AT R
A S s
TS a b e

L L2 llllt.__.-..-.r..-

|
]

%
.i'f{h .il

e

-

.

-
w
-
*

o
>

£
R
=

-..l..nl'.ll..‘!l..i.l ll
e e P s e ey
PR e S 2 A R A R e
o n.-.__._.-r.___-"..iln““f._-_ “-..l-hlr_"l-.“u.ﬂ*h‘_}-aa.--_“r A mn e “l.._._tun Y, .-_r”__.-f“ s
iy nr%rﬁ.ft%um"umr e J__.._"“....M" ) uﬁhn.nrmu_.ﬁ”rj-funﬂuﬂﬂlﬂ rn.-___.....-.....“... 5 |_.n 4
e e A N AR AN
_1l!-I.Ii.HIl_- ...-.l _-l_ H.l-_-. .l._.l ll_-l.rl _-.-__1 l.l- I_-.-ull ll__-Il.I.._ _lilll -.l“.l- ._-.l
e A W e s e e A
e B Rl e e i M LR i e AL
N0 T A RS
T _ X . _ \ _ : R A
-.ll LW | a | ] -hl_ _l- i L] I.._.I L] -_lr ] - . L ! o iy y o ! 0 -_l ln » Ty -.ll - .r.ll r.-..I -__-.l. l.l! -.ll-_".,_-l-.n
R A IR TR N X A N e i R A N N e VAR
J'i“.-'ﬂllﬂ'b}ﬂb.l.‘iﬂfl!i—ll.l.l-.ﬁ% -_Jr.ll l-.. e ll L] | ] J o ] | q N flnf-.ﬂf-.. lulf.!r..ﬁulll-ill-!.l‘dllli.—“h.—. Hll Il-.l.-.lr ll.-ﬂl.
“".H "u“l-"“-ln.r-l-uﬂrfﬁi.lfhl.“"“"li.“u_ » ] . o L Ay ” " X . n, n “ n, . 5 .I o l- ”""lﬂl.".l.”l.“.-.-..-“l“'”r}- L -l” hi_t.nl.'.-.-.-.l 4 L B
rllI”I_-.-. l..."..llh-.-.l__.-_-..-.l-.lﬂ l“f_- I“ . 1 L1 F ] | L] 4 [ = ri}iiﬂauﬂuu”lﬂi"“”l""“”"”.“””ﬂ”’ =y .-r-._-I-_.I_II._ .-.-_-l [

T
3 2 X kX n
T T T T i - W o el Nk Bk LR ke T AR R Y -.-___..__.l._.r L e e l.-__._-_-.u._- . . - 4 ._l . . A 1] e A - o el e -.-.r.-_.n__l.—_.lhl.__l.-.__.-_l-_rl.-.\-r ihili-li-ln.lﬂ""r."“"f.-

"i-' )

N B o
R e

M, ul_. _..-.v...- - -I_-I.. ._l-._._.r.__d._.l.._.u..._-nlu.-n_.... !
T e e e B R e

o _-.“__.h_-_ __n_n-_" . u_lu._"- _..__-_.ru - I_____"“""-._ _.u.“_u..r.u- ._."u.__.._.___ ._..

A N S R O

SEOVEEANEIER

AT RN s

T __.“__..__..,_. O et T
N R R e,

5 ] r |3 e I__ ll.l.-{ .f L] L] -J-.-_.n lﬁa..i-l:‘-..nl_- -.l'-.l .li_- -"H__ -_. -_l EL] ik B e i H._ - i-

-
A

"
e

R R

L] LI N

Fig. 16



U.S. Patent Aug. 16, 2016 Sheet 9 of 10 US 9,415,463 B2

,..
DR

i
i
A

. e e
N

Ty
| ..
B

lf',:? 5‘:' i".-‘:::i'f'l iﬁ‘ﬁ'- el :?h
.""'.-:...u..'”'f"'ﬂ;r i.;'?f

. CaLm) ‘ P i
{H L LW, .:._? el H,}fw ‘.}f

‘q-‘::u"a :;"q:’f: - 1"'-"!:' s l-

& a: R O f:if::;; 'a;
l.:"' r'{: Ar"{“:{l e "h‘-.":-"":'f #{f - i ‘F:'r ‘f.}' 'F -F ",',"' ':;} ) :::p-::;- o {}
S e S
e e S g I LR A ;-"f-'-'-:v LA d

R AL I .n:ﬁzﬂ'%'f? S A 2'-" cLets '"’-*f-- %
L)

Y
AT

oy
g

) 1':::.':
T ¥,
RN

L |
A
¥
o LT
:‘-

=
ey

)
S
A

i
)

e

;.,..-

L .lt'

)
. .
S

L

o
N
X

-rt"';:-:l-
-
X i.vi
R
it

-
|
am

SE

" :- » :;".:::*- ':2:
" ﬂ.ﬁ"*‘tf:i:::'-' e . -'":": w

e i*a-’if
R c( s S e
: ;::;:::r:-:a.r.r,-.f-f.,-ﬂ:f‘.‘r'-.-'- G 'f-m?ﬁ.
s 5,{’
A .,,':’5.':{-.-,....‘5 '..':.*-:":*-

" ! .-"..*".-"“'

o
Y
&

.

- bR L
b 5

52

R s 'E,E'x"ﬁ::.I"!-H
i '55::'-;-;Efi-"::i:iﬁ??féﬁﬂ:%:ﬁ%&' -;- c;f.;:r
L :

LEnE

*a
T
g

llI-'l"I.il"l"h-
L,

\ L]

R

oy
.‘.:-‘l‘
o
1.5;
b N

3
X

Pl
oy
3

*

" :i:_
Ty

iy
N

A
\'E.w iy

"
|

r
I" L

."-
.E
*

"
R A R e

i‘ "l-‘- "‘I*II| I"i.i- .I
| W]
| 1.:,{
s

L |
L)

1
L)

g;':i
Ly AR Y
":::E

I

l'q-
e
by e SR

i

I-‘_-
B
A

ol |
L

LI
e
el
:‘q v

..I’Hvl*}?

iy
'

>

)
L3 |
S
-'h ﬁ.
N

'l
i

e

f

L] L]
. r

LR
]
o,

s
I‘.‘ﬂ‘ -I."

‘m 1 [

i

S

L ]

vy .|':1- n .i
k' 'ﬁ:'.':'.'.:{:: r:*;_{:'fd*"r.
s , % 5 ; 4:::';-* -'*::::a:::-:*:-«r{?:_.}:-:-:f
:-'-.-_r ; : Ay ;.-';.;; i *_;::-r ; ; LR b p e SR -'-:H: R
-p ::::h '1{.:;*:;-:‘ '_E_- "'::E' {::-I'. 1{&‘:::’- IJ‘I = L - J . A r & £’ [T :’ L] ‘f 3‘; ﬁ;}?}‘?‘;‘. j:}‘ ':- . d‘t:"r & ;J:l’ .“‘
,pﬁci:i'i L] l’} "G'; 1I=I .l'{q 1" Lt |
el S ey N‘“‘

A n &

e
T B W0 )
r
] :E:
N b

| |
-I“'
o

Lk

L

W
N

'.‘-I,: I.' ..I--l t‘:::‘;-.‘ ! I‘

TR

X
™ l-"i;l -
e
]

2,
my

L | , -
S

o otk

i ]
i

N
L
||

'J"'i-:l-"l .
o
1

R

i
A i Sy

e
L]
[ 9 .I.'I
-
L)

h_F
2
Ny
L}

Bl

e ATt e R,
F' e {':*:‘ 7 --"':==.:r .-.-i-':f.{-;- R
1y 5:«':’:»:~. ) LAY S :"-"-: pary
K 5:5-?"-& e :':':"-r_-*{s* e o Lk
ﬁ*if-*ﬁ;' ..-:-:'.1:'?«::: it '.¢:::f_¢.’-‘c7:$:;. e f"é?iifﬁ:ﬂ:?- : ff?f{-'-*‘:"-'i’:c
f P ._.. ”*-:-"*: ..:F ol ".'l}.;:-;:r ey H; e ..".r:#:"": v e I
iy l- el l -l'i ‘.::':‘i..- ¥ ﬁ:ﬁ;ﬂﬁ.:f Al . .:";-_.E“ :=:: -
2 »f‘==" SR
G
L . L :-‘
2 .';C.#.-:fcﬁ'? W%;—*'{-'%ﬁi £ S
/ R e Y -
S
l:gx'ﬁlﬁ:.i: J::F -I‘:":"I-l‘I {.E;: - N ] {C-;: :’F;"i-l: | ] .lp ' - . |.l. .||. S lb-l -p._
R A u"" AR R T L T,
v . oy uh -l!I {hlgﬁff’{:’;i' .I-i:? :’}Zf ;.:.E"F{F::q:"::;::::;ff:.}‘ I-+:';}J' J:’
o .:".'.' e %
:3 -I' T ?ﬂ-ﬂff:: .l’ {-‘;::’-':_.E::'? ’ i- .-:.R}A:.f : ‘_ '.
{.-:f*?,?.e:. o .gfg:p.w.?.r:r. Ly R
- LN ] ; .::fﬂ?- l :':fﬂtq.fl:-' .‘.!.;r : '- i .:rf‘; '.f.r'.}‘-w
‘.ﬁ;lllrlfl. | :y -.l i r III - }I":-:'r l Ii ﬁ"q{r‘
"=.a-*="-‘ff s e T :-:-.—"i.-"-".’-:’.
) .* . k.r iy "-".r
;‘2‘_:-_,.-.-’} “_}"' ‘:"_} K ” {
' ol il-
o _-'c'?-f >

h.l-'-.
LT

AT Ty

e
N
i‘l
l:l i
b .‘: -I“
[
L ]
>

L B o T
Tugn,

L] L N L
P

e Al
-ll Ty

o
A
-.:.'ﬂ.

v

LE.
™
o
-y-
L)

o
¥
[}

S

4R
T jl,."‘-l,‘ L]
L] q"l..'i
r'l N l"l._

"y
"h
-l"l"'lﬂ“:'il"h." [

X
o

T

S
g i ]
»

o
y

.'-..-.-.~..-
I
y
]

-i- 4 :IL‘;
SR
e

S

L
]
'-Ill-

-

o

L |
l,I,.I
Ry

"
3
Pt

o 'u

oy -"'l:.l"'l:

Batis
3 .F.'l:‘l. * o iy

N
L e
i
L |"--q ,-
]

-':
Fie

23

-

R,

*'*-.

et
ey
b ]
.:-:;
F_._'l
W
PANIIANE
i ...'...E:,.
2-?1- "- b |

O
1"\.._1"\:_- 'y

.;._-E:-*-

LT

":";

‘l{u:

l..lh'l-.ll
‘.-I,".
.:l"'

1"-.5"
.
"

{1
h
Ao

I:l- i.-
*""'1.

A

O

Ay
s
o

2 )

A
SRRy

5@}‘%

&

AN

i
by
""'\

l.:f.:i
SR

'I-h...' -I
:
i
'h‘.
q._u:-"-l‘_ "y

X

N

o
o

=

o+
]

Pap
i
m
| |
o

q_‘:i:l._l-
ok
h |
L |
-.:..;‘*

A
iy

X

e
e

*daE

llrr‘l.

I. ‘h -I'

::-*

l.

: ) -..:.n
Y iy
) ‘:p :l"t ")
*-..1.
h

o
-...'
w"y

e

R
R

L

| ] I
o

R
N

i ]

-}!

’%

Tt "-'"ht'r

Dol
-@..:-*:::-‘z-: m‘.} B
- ||. ol ‘g -.:I":'l e :5:'1':"1- 'i‘%":ﬂp ‘.I.':i‘-l":?
:-a-"- fr-'-. o '-:?.-}-::- ..-';-.3::.? A S
2 -c' :‘: G ,-:-, R R
o _.J:C'cu:'.'q _ﬁ‘!f&ﬂ-":"fﬂ-:ﬂ Hff.ri-w A e ‘r,.ﬂ.r..
:-;_ ;::.:::.-' I IR e .1'-..-:-3-'{;:_5,»' ey
-ﬁl:h: e i :tr_,-@;ﬂ. R jf( A
e '?ft-';'ﬁ“-'vf:?.-;* R I
¥ ﬁ:-)‘iﬁ:ﬁ_ ﬁ;ﬁ_f‘?-:—'c-'- ,,{':-" ;:.? T
"l": :"}" i II"_I'Il-n"‘;".lni"'-l" 'u:"':".f' r W ;? e et
e “3*.? OIS ff’t«f':f 2T
' ‘- " ":"P‘-F "t""-l'. ffﬁ;::::?}l} i -l}f}-f{:::-::h qf& !';": -&?
A ?;c- ;33 S
: M .-: {"' o L | r : # l-li-uu-- ol
S s -’."3-* f- :é‘?” & SR
:?5:&' :F.E_'f:'f.';i’ R R ke M o5 { 5 £ -.~:=-. .é}.f-*-r? :
. L) A ‘J' Ay :‘ :-' : . . ey s e
N R P s E : E" ' { ¢ s
S R SR .'4'-55:’5*:-}" ¥ ) ff_.:it-{ :'
.‘ t‘ﬁ{J&b':.f’”{-{tu f"::"l‘.:;}:l 'é:" i .:::‘:b;{"lﬁ ]

o

ol

i‘::
At
)
e
e
, ::~§-
n '-:-
i ‘::: Y

L .I"h.
1I

e
l;l-

1-:=:=:?.=

[ T ]
*i"I'

: :":‘h".'

e

3‘1

o ]
1.:..::::&.-

'l-n

!
3
2
-'E'_
o Ry

o
[N
n II

ﬁ

3
: %\5.»

l.:"i-

"-..
g
1 || ‘i'“"‘:. Iﬁ

RS
o e

l:l -. ‘
'*._i- hl"..
| "‘.-5!."-_
"y

1." Ny

R
.
'hg:b

3 !. *

. W

o

A
AT
?S:if

o
2

:F::::‘;-::':f:f'i

f{. .‘:-’.J'-"

ety i"'f i‘rf‘r"bufd-.-t
B 4'1:’-:%*:-{*-:’-:%{-:%

;.;,;_;.-.G‘( Lo oy .-'.-".F.

o

:-:=:-':=-
:-:

oy
_._?. L

i

u
L

." 'l
bﬁ%@f
%-

AL

e I._'l_i‘:

e
5
‘.I:
LAY
:‘h.
n
i b k1R

.
14
e S R R H-: 5%

z" 5:-:-' T ,_:-:;-a;:-;ﬂr._._ .c;':i:."-:r. e

.,.r' S r.-'='~" ..":1'-?" f::i:'.:“ A "" f-.*.gr".-.rﬁ:u;.; A
fgc-.-'-‘cf 2 SR -:.'?_,;_ R

e e T R A AN
.'.?-:5:55‘-:5:1{: GRS G R
R, '.-:f.-'-'% ;{ }c' & .u:f At ,-'w '-_.

Ll
:F ':F "':1-' o "':'-." ":2:- T ‘?,4""":1" "':"’- ’ F{' " * ':' o

[
| |1 | |
A

I'I =
..l
I-: " I:I" LY
Ut e

e
Ty,
. |'|"'|!""l::l: >
i

>y ..'-.-l.:}_
e

U

.'-:r T
e "l"l'.:,..l"-'-.'.'-
3 o

e

o
A

‘wh
LT

..,1‘

'~:|:-.::_
H '~: "&:'

}F ot l » ::j..":' ": -Ei-:':'- .“::: "F".:Fr . :l'."ﬁ ‘lf:'t' o :'.r o

J"' .u"'".i"'- Fatalat
- IIF.I"'I'_- l I I'l- l'lll_p__r': |_.|. ‘_ j‘:c #__E;‘ ':}' - . - .i_:.‘; A
-"-.-p-i-.-pdn’ .tp.i:p.-l"-f'--q:r'l ‘.'q.hh i i"- o u-.-.i- iy .;,,c-r

L LI -l ‘ . - o
N oWy b A .-' AP R A LT P AL

M’W 4L i
e ot e j- *_ __.; e ."i::'f"':::'”:f-ﬂ:::r. > .d:rﬁ":—'.-:-'.;: :' o :_:

,-"r,- -.r,.-{. W -..-""".c:‘}.;.r. Ay s ::‘l:*'

iiiiiiiiiii

. 1- " . ) p ' ‘u" e i o ! - " ) e e o

il w LR -rp-- - ] ) Lo e ) u

S s ::.--.-:-:-ﬁ-:".r: ,; e S e et o T e
] ol L] ol 3 -pl-' L a 3 II"_nl L]

S5

lllllllllllllllllllllllllllllll

S :.> e R A ,,’-'“*?‘-“:’r:':“:'ﬂ:: LR T - A -
o l' ll t u U o M s N T

” "o - "5.
-:'"- l# '.F.fff"‘.:?fr- c'l Faty LAY :.I" _:‘p 'f. ; A _; l?l"

Hdl I-I-!

P, L kY -' L] " 5 + - - r Figh ' . . d .|" LR )
A .*f J J A - f ’ 7 ' l l'?-‘-? u r:r;l‘l‘ﬂ I--. i: '- :iql‘ﬂ‘ b‘f ﬂ} t-l‘ ::._i' }f:':- !F ’ -l'- y 't- } E H:h$ J‘!. ~ .-I'.
i H [} -fp-,. 'y .p-_.-*q. ol el e W e hhh hhuhdﬂlﬂ‘illll.ﬁllllii I-l- .......... ' H-"I-' {f lr'
= .;.;.P: :*i-:*':"'r.r.r.r"{ /:. e f:'{.'-t'-‘ s _i_;‘.-:r.::w.-: o st i j 7 & _:,:,, v s T _.;:'—.r,- o %
: :I: S :,,‘,_.? :?-: :-:”:-:5:* .-:1*-ia.fiff-ﬁza:':j:-:-'.{{-:f-:::-:- .5..._,__:,- "':r-?.::-..-"-.-‘:*'{:*:-*.:‘:? AT LAY Y ; ;
-=--'-’*:-*-'-,r -=-:-=-"*-" R S vt ?

o l.- F i . A - i l',t. . F-.Il"]- -m ..-_I-.
L Ty - ",

b |
II.:

N

4
A, j:'::;u .

'I.:I’ [N

na
-.I-I‘ - - i - L v dd r - 4 o ol i B "lil"l:l'-

'-.1:=;'-+ -.-.‘-;1% Gt

| ]
o

=T
.
l\.'-i'

lllll
.‘ﬂ e L R L T U

-_r-p

------------------

iiiiiiii

!..'_l

L ]
E

llllll

g ]

-F-"l-

"

II
------------------------------

I..'i L]

)
L1

T

" a Y,
L

.
Pl e

L]
"

-----

A
N
'I.~: *‘1 L}

.5.:: .
o ey

TR T4 FRYT TR

"h
‘.I
~

.,:_l
: -::::-:1‘-:==.~
Rhy y

|
"‘-?:‘u"
:- . ‘l::; e

:" 'E:_ :.'ll L
3 [ 1]
A
LT N

":..l-'l '_I

rrrrrr

e
1‘1‘!
-

::: Ty
PN
e
L -
R

M

- }I b
I'-'
wtans

—
=
s
oA
N
[ ]
2t
e

llllllllllllll

o
%y

L)

-------------

R e N e

ol =

ﬂ':-:i' 1 -";: A AT S K e

; - By o e L -I o o w al '"'l wi ey I":"ll'.'h:l
ATl O S ) AL T J;._:':_ﬂé} :ﬂ::::: H:Cg .-..f.- ﬁ; .:.;;E;r::ﬁ:fr PP
I .{ .‘p"'.:i'f.-"."fnf. A
u' - '. :‘I;J r::;‘:":- : r i":f:::f{.ﬂsz:':—crz::
L 3 i ":-qu-..-{f-:-.-".-’..f'f.f-‘:r:{

LI

'.:"l.}l -'i'rq:l'- -p:_ &

o

o~
A
T I‘: »

.l
r ) 1Y
L n |

»

0y
] l.i"l:.::::.:::.'l‘h

b
'..31:-'14'{-.
*H

F'-g: -
A‘;EQ:-:;*-
o
*m:-:-:u:-

'_‘ _hl.._l._.q_l’ Suny
[ ] ||

T

h o s ':e:?:" ‘s:
. "-i":"-l" ::‘: n':‘:':'l':'r: "F'-l"hp'r'- r'| A:i-'i- e
RE A L A
ﬁlﬂ;::.;:i:i :1 "'l":::' ::I'? |"|' [t i":
A Ay "
] 'Jd:: I‘.nn'-n';c'::: r!iillh{b
i ll-l"nl"-lﬁ_fl-!!-,d"l'r i

| § . | ]
e '1‘;:1 e 'r ' '

phy

o

[ ] [
LA
. l‘ | |

f _'.‘J-F‘b ‘I
g ol b
I L AL r*-'-

1-‘-'{'- L |
sk l.l‘ .-l'.'lf T N
..'-'«*-:'J;-“"":E!: -'v:r ..r'.'.” -:_'5.:;:“:"

.-!-’E’ ."'VF Z -"'-“ -‘-”'55 :::f::' e '-:r.;,' S
n #

q‘p"' 1‘-'-.;}.. -:Fi i-:: :F'&:F{:':f -;!'F ? ":'l:::{.ﬂi J‘ .F._.::;}{ _...'.

-:;:r.-.

.n"
I|i"

llllllllllllllllllllll

--- P B el ----r------n

-----------

:.r AL }}r.ﬁ%,gr,ﬁ'},::;.- {-:;: 7 {, Rl - }:_ }..-.*.: 7, 22

r, Jl - - ] - | RN ! " -:h = .v
:{‘::‘:;::::l:ni::r'-‘ » ¥, .f,.ﬂ. _.r u ' ..?::* X : o -l':'.;i ﬁ. - L H - F i:p.. '.f l: -1 | At : : : ::.Eq: :-l: i :.:" -:' “
Sy W R Ry 3 :,..; e P Y s ._:_-;:_- -;¢ o et "‘ ; ey :-f..r..-..- o P L L -*H_.'.::"; .:r.u:-* ol ot L A

i’ if" h F‘L.I: e s "b' -i"r s ::':::::"q' -1-‘ £ 'q. LA ‘p"' 'l" ::: “:;'."':" é:.:‘l::ﬁ o na T A f v .-l"": Y 'qi: :E;.-}F‘ﬂ'"l':l" '.y FEry ::F:"}. o -_- ¥ T o _ A : i-l,‘l{'i'i:i“‘:,'- .l::::

: : 'l:-d ‘ ‘ }h'#t'-l Ny f l t ] d IH:I i Il iy X : . E "r L . [l ’ A ; i oty ) o | ] : : .'-""‘:-'t.:{ '-.'. ..'t.

#i!l

7 .::Ei; R ?.-:5'155-:
SR e

- -p_.' el g el Yo'y e y ..*:*u . WA Y
-: ...... AW e [ 2 Sy A T .-.-:-'«.":“-'J:.r.-:'.:'.?a.'.r _.r!lw.".r!l"-'-..:." '-f"a‘:é.:::{ s -""..'

..... A= el oo ok LT :-n’q:fff{-:a-c- R R s
‘‘‘‘ L *":"'H. o o ; .- - by "'- et : : : . r§ #""' ’ h'{f I-'."'.:Frf‘:"'nnr Y i _.'.:;:::::.EF‘,P‘:‘:.:; ‘;"‘Fﬁ

e T {H I S ; "f ¥

t-I‘-Illlll

Ty .;} q{.'.'r.:r L :_;'_..*? .ﬂr : _..r. .*:'-t::i:'f;ﬁ_ 2

-.-.,._ rrrrrrrrrrrrrr

:"a:" S
:.:'"r.c- E"{irg.,.:.-:{.-,ﬁs?. e %

S
RN
:
’
i
L |
Jna
.“
" ‘- '.'| . ‘:‘.: L]

s

i ; g
i‘ { :' "'"-S

TN
L}

-: -r;:=-=::
. ::*.-:-.ﬂ.-.':-.: -.:..'- A

ol

X

ety
= Ay
LA,

)
"y

N

] -:::..I.. .

| ] 'l-‘i-

--------- A "-"' -a‘- e "I.-
{;.ita:'-‘.-.-:':-:-f} .~:,¢ D

A P o B A Bl A A XS 0
S éx -,._z:-:e RS

. r
iﬂll f ] -ill.n.l-

}.r‘: ‘I-p.p;i.-‘ué; b
W ,;:;3:-' :r:;:;:-.-:r R
-"

._l ._I.'_'l'_.:-‘l- |

'-"-r

't

e
Ty
s
o

::: p o )
vt

‘."
"
"1.'-:‘
.
:;1
hd

‘.,

A
A
-
]

RN

oL,
n ":“E i
BRI

0
e
™ h |
L
e
'l
T AE NN
o
l-,h P |

"
ens

'_:.:
%

A

:-F:
b
i

"

i 1 [

[ | L]

W

)

Y
s

AR

l._l- L}
‘.l
5 o

.j=:-.

L)
a

w
s
) -
3N
e
] [ 1
At
ety
'-"'t":":":'i:

e
= 'I'I‘-'lll-
L N

2
et
>
|
L
L]
&
; -

]
l,.‘.
Y
[
l:.
M
i

)
o

B
s

*'.u-.'.-. y

:i
¥
"

'a
e *:-:r:-' Ay e TR e e
. dI‘ am N IFJ g h{. ‘lf:":-l' .‘h‘”‘#‘.’

S
S AT R
2 *--:-,:.:5? 2 ; -*f::'fgf-g i’ ?f”

P
ra
h-: [T L |
ik
.t"::
o

:: o
N
lanl
ll-.l\ [
s
gu'u'-
o

.f-
ra'

L :'!‘

LidPn

‘:::'.r-._,'
s

[ ‘l"lf‘l‘ y
b

h L] 'Ih-
h |
e

™
a

AR

..I‘-"'
]
s
'l
o
]
oA,
T
-|. 1"‘:"
h b

]

e
| ] ‘-‘ﬁ -.I-

by
"'h"’ N

¥

.H:ll L ]

| L] :‘-‘ .
iy
")
W

il

o

il
55

:‘.'I- ]
B
IR
T

W
.}::
2

[ WL

R
l:ll -
s
-

L 1‘
N
'l,.: L]

"_-.‘:'
e
"
n
L ]

.

I.‘-II'Il

......

-
5

L ]
I
e

"

--------

(o] o

RN
Yty

P

1*’1:

L
| ]
0
'. Ay F Mgl N,
Ny

3"
Nl

[ | I..H- o

o *‘:‘%‘
' g
2

]
b N
2

.l'
: | .:"l-‘:.l‘\l 4

Ly

Y

S
ey

L 'I.‘.:

%

2

o

"
S

; “h‘:‘?\l

M,
-.""\: !

-'.'*:*

".-’-h";

:3'

i
[ Y 'F"
)
1

W
o
+ i, E::
PG
"-%- . ||."|,,~

et
\.1 u:': i q‘:‘.l""-'
n ‘i
ehghy

3
LA N

e
T

L

- - ll' .

L ]

e F
L

-

|

Y
N .:..

----- I'H"i

'I



U.S. Patent

Fig. 19

.-.."' "..*" r
H:.':'.I{F "f

A

SR antas {' %
Py o f.l"' i-- {

ity n nl"an ‘p __-i"l il-
*f:'i*:‘:q: ir:.l:_:'ii'll:':.i - a l’

..."
."- -{Jﬂ FFF

1-*,1-#.1 lI' '-.ii- I’p-’l

iy {r: AP,

x" L '.Cg-:-:.;:-:-::::'i:,
-'r ‘:f'q:z'-'h " J*::
A R

.-'""' :-."-"_I_ﬂ"-.;.' o .u"'_.:: A

lll'F

_ % f-_,-:}
o H":".-{*
""'r:;g;:*.r A ..-.

B ', {.r.f.r.fmw,
£ r"*‘i‘f;. . .r' .r"

..-,.e-':-'

N E
N

AN
E:Q-

X
.b'
]

™

it

N
A

o,
.“:
™

i

. '{'j’f:f,—'

.":f:!
\}.:-:. .

R

'I- .hl. E..

S

u -.:‘:'-. .."

et

o
o

PR
.'. ',

N
S
N

ok

E L )
g
Y [ LS ‘.
BN

"
L
L 3

¥
il"l::"
L 5

iy !
N

rod

o :':'::'::::::
ey
| 3 W N
] e
[ ] - ;hl_ l" q:t | ] E |
’-\ o ti'i- LY
L
' .

e

W

l‘_“i,.i.* L W l.
) ::
» 'l'-'l:'lnl' N
R

‘-..: 'l-‘

ol
L
=y ;:.‘u.

T

S
oy -t“ '

e

s

-
o0
. -r‘,: 'l‘: .
"':ki- o
L
w

o

Yus

v
:'.

w {::‘

q.
&

)
]

)

]

)

oo
& l,l,...‘q._
R
AN

ﬁ.

-H | ]
.l:l
Fat

gty
SRR
'y "'.-_...'
1-:|-"1""|.

5
AN
. :"l.‘l"

::1-
l-.'h

e
T
;:‘::

&_n
i)
L iy
1‘: o

.sf":t.

e .--n.nln-na

:: .-:F.»-'?"; 2

.
S

_: frd"'l:-'?l'l"{l':':'-'
m.wp o ;;:;:-
-}A-’.;'ﬂ":-ﬁ:r.u"-.-}' o

::;.:. - -"..-"'{.ﬁ'}'.’ o

1'p -:FI l-{'l'
..-f'-"“-c’-"?..—r:-

e R e R

Aug. 16, 2016

et -'.'."3".-"
;'}v;es.:- : o
el 'f-_,-‘.-"v" LT,
&H 1";".*,1: .r'" ;

-:-Qr

.;:~:—

: .p:‘ s

.i'l"lﬂ-l Lol )
s
N

s . 3.-?2..

e .“"w".'f‘{-"-'-’
,x;’n:? A Jg
ox

S, B e
Sy £ -.?* .;‘:-,:;.a;

A
ﬂi-illti -l:F

-'}:la::-s‘::: G
{x.-.-.-:-*-.a:-:;::a:{'c .r,c:'.:-::"f_. %
y i::Ei:l- 1‘:" {?ﬂfﬂ' ':: H’ﬁ"" 4.':::' ‘p
% 2
TR et
-c?fia{:< :
-:-:p. .-' .,f-:- «:-*u <‘f’ ,{:,::}1:::

Ly n’nf'::'? 1!"5 "-*-t'q"::l::l'r

3

ol

.r"_r ":-.- ,« :.:,;":” % .'.r,

5 ;=r=;r::,;, 2 g_xfup; »ﬂ

v
| |

L}

-
L, | :ct.ﬂ
:-ﬁ\.f..-" -

b |

L}
v

.h.-'-* }w-.-f-:f 23

o

> b R

LI N BN

u'-.-i::-féi-“:.ﬂ?-r?

]

!-l:.'!

L] L] .h.-l."‘h. L |

T &
T
| ] 3 A W
i
iy

a8 ERT
L

L

.
. 'E:':'.n':" 'f . -', . -:# )a- o ,I' A
. . F{I' . -l:.i::: 'l"'r l.l"l::':'l':?:::l‘:,

_,F:r" (Rr
<:’-* e ;.?w).aff.v::.'}:' o
e ;:::z;:;: SRR
W 3 .5.;?.;1'.:. ,::.. ..:

E’;. .”..

,ﬂw..
A -r' :"

‘I{ iﬁ. | W * +
e .r:*-:?.l:-*:':'::r' ,::.-*r:::-:-ﬂ

SAATATAS
¢i~

i
h)
I
.-F
Aty
R
)

.’:'a.-.-.

{»"-: .f-'<- A *}{ﬂiﬁ A
:;e;;.r AR R i ,;:;.;Eg:ﬁ

?\

'

-i.h..l

e
S
DBy
ﬁ;;r::-:-'--':-':v-'-ﬁ-?x:;f:::mw

| |
A s
:::-:-:-' o

o

—;l::"r
l} 'I-l-illl‘b
"'F#:F:::hin

-*;r..*.-'s'-'
.-f-r; Ly

. .::-:::f. 7
-".-i'-'-'}'f:"

,...,..f

L i-l-il--l

Sheet 10 of 10

_I' "4 ' ‘l'!. “"l‘ -‘JI‘! ¥, ' ‘ :jii 'F‘t‘ﬂ' 'F

*xﬁ'ﬁfw&n 2

'? E-I.‘ I-l-l I-H;'u:‘l‘ | :::‘:.: A

ﬁ _.ﬁ .-:#:1:4:-:-:?5'? ,‘j‘_ {.':

2 28 S _,;;:.-F-".-:-:F* .rkv &

5‘3 ".*’F: .?:'f':'. *'.."::-:f:._ f‘:-ﬁ:r,:_ﬂ:: -,;

-:h_ AR {*H-G:—.fr}ué"':-:}&’-:*ﬁ}: 2
q"

hlﬂlllllli-.i‘

BRI R

}-:Eﬂ -:-:-5:1:?{5::::-.‘ 5 4 .-. -.—:;, 2:;.;

- "":= {:":.h. " 1-'::-:":. »
;;r.ﬂ-*’: RS '-5.; :::-' "-.-

oo e b

[ & "y hﬂ- uh | m
AR ‘xcr

L] ;i‘ll-

e H:: LSS
-=.¢=:-},3> G

o -r:-'-..-' i e, i
S ':%Ec

rE“'ﬁa;,,-::. A -.-.-:;;k-tﬁ SEiaRs ,.-_-:5;._,,.;: el
'k-df s
% SRS
-::*;:-. .a:-ﬁ- : .~:-:»*’ e

e Ty A S A L el
M" -.r_;..".'!q .".; s -:-"E-;*j}::’:::;‘:- "' 1.*. '?

-r-l‘-b . ‘--L-llr.ill

-:5"‘!: :"’

':;,31'"":-.«::::::*. SR 2R

.__ e R e A e

o, o ] o

[

4" AL S, A enh :' ,,;.-_- e,
(;.é 4:'-" o ?.;.3:--:-“:_,- -"' e
fﬁ'ﬁ?} .c".- q_.-‘."."*:f' ..-'.I'f.c-r -- z f.::;f;é;?::'r,g,; i

"

h-l'I‘.

-'~"5*-"f-*" iy AL f—:«.;,;f e

I_f'I-H'-I'l-#H

a- |l|l- i)

N

-
‘-

-I"l"llfl' h‘l‘ﬁ L]

I
;]

i :5: N

e
.

Y

":-,"-'-.

W

R
ey

‘. -
o -:**-=-.-:-.-.-:. ;ws.-

-"-?‘.‘ G =:_::,;.-._.

L
.i'

1 TH : N l'
b
e Sk e
‘I_:h.l"i- " T
-

-. .'~.'1.‘.'-¢ B
a;
I..il
e

..:"' .-I ur

w' .-'-'5*-5:*.-'-:‘?.::
:9") -.r-._E . ;,}_: :: -‘

- ""1

S .-’.r.r.r,.ﬂ.ﬁ-' .5.»"

:-"'..'r"";;: e

l'iliiln .H""

.r..r T

nﬂ". :ﬂl:

'Gr.-":’-j:-‘ ‘..::-Q"
Sl -: 7 :-: e .cf-'fk-'f-'f"-x % '.i,-'.a:?.

":-
f- :':r': .*-.r"q}
i s-:ﬂ;a-z:z? A z:f S

"-'c‘::

_,f{{.-n-._. .-:-:-:- ,-::J" 2

""H-'I-:-: "'

".F;."-".F-.'-'f:‘ -:ph".".."."-" > 1:4'.-". “J" J"-"

Ii-li- - . l=ll
"}5"':':"' . n""-ﬁ"ﬁ

-’-: ,:"? =:-t'. "-'le"-
F/{ ﬁg{

_4":":" "“"‘ﬁ::" " i""n 1"1.!:! : u,.q:ll{-;‘;

‘I Illil-l‘l

1- o ‘}..-
A :_4: .n- s .':".".*

Y h .. .:Alli i{
2y {-f; «:’-‘"‘-:tr{‘ﬁ'-.n w5
d-l'hf

.-.‘-":'fq ...ﬁ

%5 :F:-f-:-::
'i'i-.,-.;.f';"' iad -:-:.-:.-* *#.-;;E

P .-‘g'-:-'f
ERGIE f-:-*"i'i*% R I

: -.l' lﬁ‘}l &+ 'Il 'c?

,.r-'.'{-"ﬁ-“ :f-:f '4:5' e

"??5:‘%5“3*: : 54:5**"*'9554 z

. ?I::"::"';':H:}"
@w%

A ..5:""-?-:? R A

F.i"l.‘I {:::l'.i"{:ll 'n‘

".- o )
.-* ":e'"-(.*:r G L .--'.I*. .-R

-':-..r"'{.:,.-.f’ -.r..u} -*' '...".r
'I'l PN l.,l"'q-_ _,!

;J'r_:';:, o :,3

;r_?p_ff.. y{- -l*!_- r_:_:_ " nl 'I::# :: {: ‘-l; l;}f‘u

":"":' ".‘Ea":f.;""n l‘-i_h

ﬂ‘? -“h‘ ‘ "'. .. .

ijrl“l‘i o u.p‘p-.:':i::l. '_r '.i.r.ml ‘p" -l - lr i l- L -r',ln 1. }4 "
_:, _-:2:-’:?.- o _.c::"c‘ R S

l'i'i'l IHFF‘J"

- -’:_J'"ll s- l"'r ::::" . .f:-: -ll"i' f,;'“' ey _4:.}‘: A'.. {l"hﬂl" *ak
) !'ldrﬂ-ll ny .

_- I [ |
"_.,F',.l' }ﬁl -'in l._#'-' d’f?'

:-'.-' :-:.:; .-'}.r._,: -..r.-'.' A

-:{v '-*"-" "5’-&" L ‘:-.-":*

"'-': PP, '.:ﬂ; -"rf":r{r-;.r

: c' "f" J/ "’.{.:.r,,.:f*:r.r’

..l'ﬁﬁl‘!'*'l._' :'r
A At
T, .,:’r:f:" :
LN ] ﬂ.:‘rrl;uﬁr

R G o
f‘*'i""#"'{ {'*'"f."i-""' .-".r'l':{ﬁ" .:.r"-r_
-'.-f.rﬂ'.':-rh;fr R A
.r"'.'e"' ,{.’- ’y *’{'ﬁ,rﬁ._fﬁ

?"H-:-"}' ML r

w—- ; ._.

*‘:";'Qf

--'..-.F

{ [ -“!
.:} -.*.'l..'f £ .a’ s

;rf

-:.-"ﬁ-.-"{ i

3? "'Q‘m"__

5:n:- ~'.'r.1.='" .i:i"f-:

'C:‘.r =- b -:*.r..'

"-"- u"':"r-i <

' *"2* B2 -'-'-..-:a'-?*:-‘:ﬁ. '.’-'t-’
. ‘:‘- -"'."4"."-{"‘ b. ":F i .::hll'-:,#-l,.
" .-".-’.r ..:,.-"*..ﬂ .F'.r.f.d-..*..-"'..-’{ﬁ ey
é%::ﬁ:- 5
n‘r‘ ‘#’"‘:- v -l {{{“?ﬂ:’- g _g;h-.::h? i"
q‘q‘g .;f{{'{ :"':"r"" o ::::é:il.ﬂhl H. ﬁ‘:ﬁ" ¥ q_
q.i o .q.-':"{:;: -: - l.""{-l' ﬁ: ‘::::‘::l:-l':’}f}l”éﬂv ﬁ ff* d':" s
e e e #.1: e ::nfcw :-:" :-:-:":-':'-'
R S R
-'."h."r'.l"f"r': ":"I:' :':::‘:;':{'5%'::;:{;:?; i o _.;l"l"I
-..-:-:-:-:kf-:-'-'{ Lo
.r. e n‘.'.r oy .f.' ;fr._&b'},},k: / "*_
,.;_ : ;,;._._.-. -:‘-*-:—: e ’-'-:-:-:i:f.f.-* e
e "‘:'f 1..".. :H"{F

‘l‘d‘.‘i e "."i'pl":": '

sy

.‘\

]

H

N

';J' i-l" ‘i ldl:n
‘F{'{::'q::' -"J- l".l

"'.-".-' ..|'.-"' "- u-

L)

:n:ﬂ:' .,‘.é_?

I‘I'I.I H‘.ﬁ Iiﬂﬂji.

::‘
}“::.1. n

R TR f-*%.f:f S
. .-'l"p i':::;:::::' :5: i:-i"d'!‘p"p"l'.l"'i Y

% G e :"*-"-'-"'" R
;:5"-*}— e ﬁ.—:-::r ..-.n.-: e .._. r_..-:,.:. ,:,-; 2 5' e ﬁ
-l"l:l" ..i"'i:p?' i-l"i:li:ﬂ;i- g™ - . . l {(f
.ri-. .. .r}.u.-' oy %

1 e
.r' .‘_-th'i X "f--{.’fq':.
-y l" .l' l:l'l’!‘ly {r"

Ly

'”-*45’.,. 4'/'

US 9,415,463 B2

e

o
Ko

e e

. l‘i._ '.*"-‘.i"l 2

A,

T

_“?‘

5
e

.-..-.'.;i-.
N

ok B L

“-‘l:"u.h;‘
$H‘H

L J
=-3;="
_._I. F
-”:~.

N
)

i -.-:-"-'" -'r'."-

:._.:.r;,:..-“r '-'-:E' i S -,;.-

L] ‘ 'I.I‘H:fl I.I L ]

F T g - -ut My I' o

_i p:":'.l:—{ﬁ:} :;::. -ii"'l Q: l:l - _*q_

.l ! 'I_-.l'
H

l.

'-
- ] .l‘._
A
_‘.I“':\' '

’
2O

--:;_:::
W
e

i B
K

Iﬁ

LA L}

l'l-l!'!

"-’:-'f.;

i e

A

A
iy
[ ] l._.l'li,.l,h

"

™,
w
-" - l‘.‘ l"i-.l
P
" -..::"q-":' ':}r'i. e l:'l

RN
T A F N i._'l
R CN]

Ly ] :::.l:r‘l [y |
3 H’I | ] F.
.-:' :'1-.- L u
L I |
1) .:_
L

lh ".I.h: | ] .'" -.i
-

-

N

'
b

‘..I:: n L | . ]
'l‘l" E

Y

‘*-l .‘l

R

e
o
I‘:.:-
f:::

5% :iE-‘~-

-
»
E

O
;‘EEE
RN
i i

b ]
¥

S8

o

o

2N
R

LR L
A
e
ke
L] t‘l

AT
T

'.I-;:'I

oo
o
o
A

e

e
e
v

|
'm,
-

""-l"'l:l"l.'-"'l"' "'r'l"i" "
-
:‘
I“
F:I
e

*'1""_: :
>
i |
2
o

Ay

o Mﬂ-ﬂ
R

)

*u :l:
S

e

A
oM

o

Ty
) ‘::‘
Sy

i

b

LA

o
3

*

| ] Iﬁ
A
'I‘:‘

3%

e

Al

e

iy L e
e

‘K\ﬂ': A

.I:I.

A

Ea

'

T

-u
P
!
e e
5 'II:::
'\.'l ™

o
)
e
=T
non

" ..'I..!-

I‘- I"

N
AU

o
[ ]
A
A ~
»

B\ Fe

‘:: o
oy,
h:-.

W "r"r

lr o
R ..-:-:::-"'c s

iy
o
e
?h:-h‘ ]
5
l"l o
i

e
3
&

I‘ e LN

h ]
L] 'l‘-

Ao

iH-Iih

:.ill:':"l

:-::. .-:{a:-f-:::-fq::r' 7 ié’

_lnn-- ll'll':"."-":"

-.-.r-: ;"_,.-"

L

.i

*:\'*-I
]
I 1':

o
o

L]

e

""u .
?‘1-:_#" v
‘l" .'f. ...
-

'H"'l-'l'.:' l.'l u
N

X
s
a "“::

e el .-l..u

R
=
23
=

"

ol

ik

¥
:: u
Y
A
A

2
:“."‘:“l
WL

h |
'll‘l- "F'I-"l ‘i-

i

i



US 9,415,463 B2

1
LASER MARKING METHOD

TECHNICAL FIELD

The present invention relates to a laser marking method.

BACKGROUND ART

Known laser marking methods are disclosed, for example,
in PIL 1 and PTL 2.

PTL 1 discloses forming a clear and hard-to-discolor
marked part by laser marking in such a manner that a reaction
coloring layer containing a colorant reactive with a laser
beam 1s formed on the surface of a dyeable plastic substrate,
a dyeing layer 1s formed with a combination color that makes
the ground color of the coloring layer deeper by dyeing, and
marking 1s performed by irradiation with a laser beam.

PTL 2 proposes a laser marking method 1n which the sur-
face of a resin molded body 1s 1rradiated with a high-energy
pulsed laser to mark a pattern, letter, or symbol of any form,
wherein a resin powder containing inorganic particles 1s
applied to the surface of the resin molded body, and a laser
beam with a pulse of 1 kHz to 50 kHz 1s applied in conformity
with a marking shape, thereby clearly developing the marking,
shape on the surface of the resin molded body.

However, the techniques described in PTL 1 and PTL 2

have a fatal defect in that marks formed by the laser marking,
methods are significantly inferior 1n clarity and solidity.

PTL 3 proposes a technique that overcomes this defect.
According to PTL 3, a coloring-material-containing layer in
which the coloring material 1s dispersed 1s formed on the
surface of a substrate made of thermoplastic material, and a
laser beam 1s applied to the coloring-material-containing
layer 1n conformity with a predetermined marking shape to
soiten the portion of the substrate 1rradiated with the laser
beam, so that the coloring material of the coloring-material-
contaiming layer 1s mixed in the softened portion, thereby
developing the predetermined marking shape on the surface
ol the substrate.

In this method, however, the formed coloring-material-
contaiming layer 1s thick, and therefore, high output energy 1s
required to fix the coloring material in the surface of the
substrate by 1rradiation with a laser beam. As the output
energy of a laser beam increases, the laser fluence also
increases; consequently, 1t 1s inevitable that the size of the
resulting mark becomes larger. Accordingly, 1t was difficult,
even by the method of PTL 3, to draw very minute letters or
patterns (e.g., about 20 um 1n width) on substrate surfaces.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Publication No. 2005-
297326

PTL 2: Japanese Unexamined Patent Publication No.
8-174263

PTL 3: Japanese Unexamined Patent Publication No. 2008-
12869

SUMMARY OF INVENTION

Solution To Problem

A primary object of the present invention 1s to provide a
laser marking method that can form a very minute mark of a
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2

predetermined shape, such as a letter or pattern, with clarity
and high solidity, on the surface of a substrate.

Solution To Problem

The present invention provides a laser marking method, a
substrate with a mark, and a method of detecting the substrate,
shown 1n the following Items 1 to 6:

Item 1. A laser marking method comprising the steps of:

(1) depositing a coloring material on the surface of a sub-
strate of thermoplastic material to form a thin film of the
coloring material; and

(2) applying a laser beam to the thin film of the coloring
material 1n conformity with a predetermined marking shape
to cause the portions of the substrate 1irradiated with the laser
beam to soften and to cause the thus soitened portions to mix
with the coloring material, thereby developing the predeter-
mined marking shape on the surface of the substrate.

Item 2. The laser marking method according to Item 1,
wherein 1n step (1), the coloring material 1s deposited by a
vapor-phase transier method.

Item 3. The laser marking method according to Item 1 or 2,
wherein the coloring material 1s at least one member selected
from the group consisting of dyes and pigments.

Item 4. The laser marking method according to any one of
Items 1 to 3, wherein the laser beam to be applied to the thin
{1lm of the coloring material 1n conformity with the predeter-
mined marking shape 1s precisely focused.

Item 5. A substrate with a mark formed by the method accord-
ing to any one of claims 1 to 4.

Item 6. A method of detecting a substrate with a mark formed
by the method according to any one of claims 1 to 5, com-
prising the step of checking for the presence of the mark or
pattern formed on the substrate.

The present invention 1s a laser marking method compris-
ing the steps of:

(1) depositing a coloring material on the surface of a sub-
strate of thermoplastic material to form a thin film of the
coloring material; and

(2) applying a laser beam to the thin film of the coloring
material 1n conformity with a predetermined marking shape
to cause the portions of the substrate 1irradiated with the laser
beam to soften and to cause the thus soitened portions to mix
with the coloring material, thereby developing the predeter-
mined marking shape on the surface of the substrate. Steps (1)
and (2) are described 1n detail below.

Step (1)

Step (1) of the present invention 1s to deposit a coloring
material on the surface of a substrate of thermoplastic mate-
rial to form a thin film of the coloring material.

The thermoplastic material used as the substrate 1s not
particularly limited, as long as a laser-irradiated portion 1s
melted or softened. The form of the substrate 1s not limited;
for example, a sheet-like or fibrous substrate can be used.

As a sheet-like substrate, for example, a thermoplastic
material of a uniform thickness (a plastic substrate) can be
used. Examples of such thermoplastic materials include poly-
ester, polystyrene, polypropylene, polycarbonate, polya-
mide, polyimide, acrylic resin, polyvinyl chlonide, urethane
resin, tluororesin, celluloid, 1soprene rubber, butadiene rub-
ber, styrene rubber, silicone rubber, etc. Among these sheet-
like substrates, polyester, polypropylene, polycarbonate,
acrylic resin, and polyvinyl chloride are preferable; polyester
and polycarbonate are more preferable. Examples of polyes-
ters include polyethylene terephthalate (PET), polytrimeth-
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ylene terephthalate, polytetramethylene terephthalate, and
the like. A preferable example of polyester 1s polyethylene
terephthalate.

Examples of fibrous substrates iclude synthetic fibers,
semi-synthetic fibers, regenerated fibers, inorganic fibers, and
the like.

Examples of usable synthetic fibers include polyesters,
aliphatic polyamides, aromatic polyamides, polyethylenes,
polypropylenes, vinylons, acrylics, polyvinyl alcohols, poly-
urethanes, and the like.

Examples of usable semi-synthetic fibers include acetates,
triacetates, promix, and the like.

Examples of usable regenerated fibers include rayon,
cupra, and the like.

Among these fibrous substrates, synthetic fibers are prei-
erable, and polyesters are more preferable. Specific examples
of polyesters include polyethylene terephthalate, polytrim-
cthylene terephthalate, polytetramethylene terephthalate, and
the like.

The fibrous substrates may be used singly or spun, plied, or
twisted together.

The fibrous substrates may have a core-sheath structure.
Examples of artificial fibers with a core-sheath structure
include those produced by using a slit yarn as a core and
winding another fiber (spun yvarn or filament yarn) there-
around, those produced by using a spun yarn or filament yarn
as a core and winding a slit yarn therearound, and those
comprising a monofilament yarn with an internal core-sheath
structure.

The artificial fibers may have a uniform or non-uniform
thickness. The cross section of artificial fibers may have any
shape, such as circular, elliptical, Y-shaped, cross-shaped,
W-shaped, L-shaped, T-shaped, hollow, triangular, flat, star-
shaped, cocooned, eight-leaved, or dog-bone shaped (or
dumbbell).

The fibrous substrate includes not only these fibers but also
primary processed products thereof, such as yarns, knits,
woven fabrics, knitted fabrics, and nonwoven fabrics.

The fibrous substrate of the invention may be a blend fabric
blended with natural fibers, such as cellulose fibers, animal
hair fibers, and silks.

The coloring material to be deposited on the surface of such
a substrate may be any material that can be deposited on the
substrate under reduced pressure. Examples thereof include
coloring materials that adhere to a substrate surface after
being sublimated from solid to gas, coloring materials that
adhere to a substrate surface aiter being transformed from
solid to gas through liquid, and coloring materials that adhere
to a substrate surface after being evaporated from liquid to
gas. Coloring materials adhering to a substrate surface after
being sublimated from solid to gas are generally called sub-
limation coloring materials. Depending on conditions, such
as temperature and pressure, some sublimation coloring
materials are deposited on a substrate surface after being
transformed from solid to liquid and then to gas.

The thickness of the substrate 1s not particularly limated.
For example, the thickness of a sheet-like substrate of ther-
moplastic material as described above 1s generally at least
about 10 um, preferably about 10 um to 300 mm, more prei-
erably about 30 um to 10 mm, and most preferably about 50
um to 3 mm.

As the method of depositing the coloring material on the
surface of the substrate, for example, a vapor-phase transfer
method, a vacuum deposition method, or the like can be used.
These methods allow uniform application of the coloring
material to the surface ofthe substrate, and formation of a thin
film of the coloring material on the substrate surface.
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4

In a vapor-phase transier method, for example, a dyeing
material 1n which the coloring matenial 1s dissolved or dis-
persed to fine particles 1s applied to a base material based on
color data managed by using a computer; the base matenal 1s
placed so that the coated surface, to which the dyeing material
has been applied, 1s opposite to the substrate out of contact
with each other in vacuum; and the base material 1s heated to
evaporate and/or sublimate the coloring material, so that the
coloring material 1s brought into contact with (deposited on)
the substrate, thereby forming a thin film of the coloring
materal.

As the dyeing material (coloring material) usable 1n the
present invention, dyes, pigments, etc., can be used. Among
these, dyes are preferable, and disperse dyes or o1l soluble
dyes, which are sublimation dyes 1n which a coloring material
1s dissolved or dispersed to fine particles, are particularly
preferable.

Furthermore, 1t 1s preferable to use a dye that, when used,
1s highly compatible with the substrate and can be mixed 1n
the substrate upon irradiation of a weak laser beam 1n step (2).

Specific examples of dyeing materials (coloring materials)
include C.I1. Disperse Yellow, C.1. Disperse Red, C.1. Disperse
Blue, C.I. Disperse Orange, C.I. Disperse Violet, C.I. Dis-
perse Green, C.I. Disperse Brown, C.I. Disperse Black, C.I.
Solvent Yellow, C.I. Solvent Orange, C.I. Solvent Red, C.I.
Solvent Violet, C.I. Solvent Blue, C.I. Solvent Green, C.I.
Solvent Brown, etc.

Specific examples of C.I. Disperse Yellow include C.I.
Disperse Yellow 1, 2,3,4,5,6,7,8,9,10,11, 12,13, 14, 16,
17,18,19,22,24,26,27,31,32,33,34,35,42,43, 44,50, 31,
54,56,57,38,59,60,61,66,67,68,69,70,71,72,773,74,73,
76,77,78,79,80,81, 82,83, 84, 85,86, 87,88, 89, 90,91, 92,
93,94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 109, 110, 111, 112, 113, 114, 115,116,117, 118, 119,
120, 121, etc.

Specific examples of C.I. Disperse Red include C.1. Dis-
perseRed 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16, 17,
18,19,20,21,22,23,25,30,31,32,33,34,35,36,38,41, 43,
46,50,51, 53, 54,55, 56,58, 59, 60, 61, 63,65, 66, 69,70, 72,
73,75,76,81, 82,84, 85,86,87, 88,89, 90,91, 92, 93,94, 96,

97, 98, 100, 102 103,104, 105, 106,107,108,109,110,111,
112, 113, 115, 116, 117 18, 120, 121, 122, 123, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
l39,140,1415l425143,l44,145,1463l473148,149,150,
151, 152, 153, 154, 155, 156, 157, 1538, 159, 160, 161, 162,
163, 164, 165, 166, 167, 163, 169, 170, 171,172, 173, 174,
175,176, 177, 178, 179, 180, 181, 182, 183, 134, 185, 136,
187, 1838, 189, 190, 191, 192, 193, 194, 195, 229, 302, eftc.

Spec1ﬁc examples of C I. Dlsperse Blue 1nclude C.1. Dis-
perse Blue1,2,3,4,5,6,7,8,9,10,11,12,13,14,15, 16,17,
18,19,20,21,22,23,24,26,27,28,30,31,32,33,34,335, 36,
38,39,40,42,43,44,45,51, 52,53, 54,535,356, 38, 60,61, 62,
63, 64,635,066, 68,70,72,73,76,77,79,80,81, 82, 83, 84, 83,

36, 87,88, 89, 90,91, 92, 93 94, 95, 96, 97, 98 99, 100 101,
102, 103, 104, 103, 106 107, 108, 109, 111, 112, 113, 114,
115, 116, 117, 118, 119, 121, 122, 123, 124, 125, 126, 127,
128, 130, 131, 132, 133, “34,, 136, 137, 138, 139, 140, 141,
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153,
154, 155, 156, 138, 159, 160, 161, 162, 163, 164, 165, 166,
167,168, 169, 170, 171, 172, 173, 174, 175, etc.

Spec1ﬁc examples of C.I. Dlsperse Orange include C.I.
Disperse Orange 1,2,3,5,6,7,8,9,10,11,12,13,14,15, 16,
17,18,19, 20, 21,22, 23,24,25,26,27,28,29,30,31,32, 33,
34,35,36,37,38,39,40,42,43,44,45,47,48, 49, 50, 51, 52,
53,54,55,56,57,38,60,61, 62,63, 64,635,606, 67,68, 69,70,
71,72,73,74,75,76,77,78,79, 80,81, 82,83, 84, 85,86, 87,
88, 89, 90, 91, etc.
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Specific examples of C.I. Disperse Violet include C.1. Dis-
perse Violet1,2,3,5,6,7,8,9,10,11,12,13, 14, 15,16, 17,
20,21,22,23,24,25,26,27,28,29,31,33,34,35,36,37, 38,
39,40,41,42,43,44,45,46,47,48,49, 50,51, 52, 33, 54, 35,
56, 57, 38, 59, 60, etc.

Specific examples of C.1. Disperse Green include C.1. Dis-
perse Green 1, 2, 3, 6, etc.

Specific examples of C.I. Disperse Brown include C.I.
Disperse Brown 1, 2,3,4,5,7,8,9, 10, 11, etc.

Specific examples of C.1. Disperse Black include C.1. Dis-
perse Black 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 20,
22,24,25,26, 27, 28, 29, 30, 31, 32, 33, 34, etc.

Specific examples of C.1. Solvent Yellow include C.1. Sol-
vent Yellow 1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16,
17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32, 33,
34,35,36,37,38,39,40,41,42,43,44,45,46,47, 48,49, 30,
51,52,54,55,56,357,58,59, 60,61, 62,063,064, 65,68, 69,70,
71,72,73,74,76,77,78,79, 80, 81,82, 83,84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, etc.

Specific examples of C.1. Solvent Orange include C.1. Sol-
vent Orange 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16,
17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32, 33,
34,35,36,37,38,39,40,41,42,43,44,45,46,47, 48,49, 30,
51,52,33,54,55,356,57,358,39,60,61,62,63, 64,63, 66,67,
etc.

Specific examples of C.1. Solvent Red include C.1. Solvent
Red1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18,
19,20,21,22,23,24,25,26,27,29,30,31,32,33, 34,35, 36,
37,38,39,40,41,42,43,44,45,46,47, 48,49, 50, 51,52, 33,
54,55,56,57,58,39,60,61, 63,64, 65,66,67,68,69,70,71,
72,73,74,75,76,77,78,79,80, 81,82, 83,84, 85, 86,87, 89,
90, 91, 92, 96, 97, 98, 99, 100, 102, 103, 104, 103, 106, 108,
109, 110, 111, 112, 113, 114,115,116, 117, 118, 120, 121,
122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133,
134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149, 150, 151, 155, efc.

Specific examples of C.I. Solvent Violet include C.1. Sol-
vent Violet 1,2,3,4,5,7,8,9,10,11,12,13, 14, 15, 16, 17,
18, 19, 21, 22, 23, 24, 25, 26, 27, 29, 30, efc.

Specific examples of C.I. Solvent Blue include C.1. Solvent
Bluel,2,3,4,5,6,7,8,9,10,11,12, 13,14, 15, 16, 17, 18,
19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34, 35,
36,37,38,39,40,41,42,43,44, 45,46, 48,49, 50, 51,52, 33,
54,55,56,57,58,39,60,61, 63,64, 65,66,67,68,69,70,71,
72,73,74,75,76, 78,79, 80, 81, 82, 83, 84, 83, 86, 87, 97,
104, etc.

Specific examples of C.1. Solvent Green include C.1. Sol-
ventGreenl1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
18, 19, 20, 21, 22, 23, 24, 25, etc.

Specific examples of C.1. Solvent Brown include C.1. Sol-
vent Brown 1,2,3,4,5,6,7,8,9,10,11, 12, 13, 14, 15, 16,
17,18,19,20,21,22,23,24,25,26,27,28,29,31, 34,35, 36,
37,38,39,40,41,42,43, and 44; and C.I. Solvent Black 1, 2,
3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, 18,19, 20, 21,
22, 23,24, 25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, etc.

These dyeing materials can be used singly or in a combi-
nation of two or more.

In the present invention, it 1s particularly preferable to use,
among these dyeing materals, at least one member selected
from the group consisting of C.I. Disperse Yellow 51, 34, 64,
and 65; C.I. Disperse Red 4, 15,22, 55,359, 60,86,91,92, 127,
146,152,189, 191,229, and 302; C.I. Disperse Violet 17; C.1.
Disperse Blue 14, 36, 60, 72, 73, and 77; C.I. Solvent Red
155; and C.I. Solvent Blue 35, 36, 97, and 104.

In the vapor-phase transfer method, when a deposition
apparatus, such as a vacuum deposition apparatus, 1s used to
evaporate and/or sublimate the coloring material by resis-
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tance heating, the dyeing material can be used as 1t 1s; how-
ever, when, for example, a transter paper printed with the
dyeing material 1s used, the dyeing material may be used after
being dispersed 1n water or dissolved 1n a solvent to form a
ink. Examples of such inks include Bafixan® Dye-Sublima-
tion Ink (produced by BASF A.G.), etc.

FIG. 1 shows a conceptual diagram 1n which a coloring
maternial 1s evaporated and/or sublimated using a vacuum
deposition apparatus to thereby deposit the coloring material
on a substrate surface.

As shown 1n FIG. 1, a dyeing matenal 1s directly placed on
a boat 1n the vacuum deposition apparatus, and the coloring
material 1s evaporated and/or sublimated by resistance heat-
ing. As described above, whether the coloring material 1s
deposited on a substrate surface after being evaporated from
liguid to gas or after being sublimated from solid to gas
depends on the type of dyeing material and conditions such as
temperature and pressure during deposition; however, either
deposition method 1s acceptable, as long as the coloring mate-
rial 1s deposited on the substrate surface.

Moreover, when an 1nk of the dyeing material containing a
solvent, etc., 1s used as the dyeing material, the coloring
maternal thin film formed on the substrate surface possibly
contains such a solvent component, etc.; however, the color-
ing material thin film may contain components other than the
coloring material, as long as they do not obstruct the mixing
ol the coloring material 1n the substrate by laser irradiation 1n
step (2).

A commercially available vacuum deposition apparatus
can be used; for example, BMC-800T (produced by Shincron
Co., Ltd.) can be used.

When a vacuum deposition apparatus 1s used, the amount
of coloring material to be deposited 1s measured with a moni-
tor glass so as to control the amount to be applied to the
surface of a substrate (e.g., a plastic substrate or a fiber). The
substrate may be fixed by using a stand, etc., in a position that
allows the deposition of the coloring material evaporated
and/or sublimated from the boat; however, the substrate 1s
fixed 1n a position that does not obstruct the monitor glass or
a shutter (for preventing deposition of the medicine or dye).

For this purpose, the distance between the substrate surface
and the dyeing material on the boat 1s required to be about 30
mm or more. However, when the distance 1s too large, a small
amount of coloring material reaches the substrate, failing to
form a coloring material thin film that has a thickness sufili-
cient for forming a mark. Accordingly, the distance between
the substrate surface and the dyeing material on the boat 1s
preferably about 1000 mm or less, and more preferably about
500 mm or less.

The vapor-phase transfer conditions (e.g., vacuum degree,
transier paper temperature, and substrate temperature) vary
depending on the type of substrate, the desired thickness of
the coloring matenal film, etc. For example, the degree of
vacuum may be about 2.0 kPa or less, and generally about 0.1
to 2 kPa. A vacuum deposition apparatus can increase the
degree of vacuum to about 107> Pa; however, a low degree of
vacuum does not cause problems.

Moreover, when a transier paper 1s used, although the
temperature of the transier paper varies depending on the type
ol substrate, the type of dye, the desired thickness of the
coloring material film, etc., the temperature is generally about
70 to 250° C., preferably about 100 to 200° C., and more
preferably about 120 to 180° C.

Although the temperature of the substrate varies depending
on the type of substrate, the type of dye, the desired thickness
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of the coloring material film, etc., the temperature 1s generally
about 1 to 100° C., preferably about 5 to 70° C., and more
preferably about 5 to 50° C.

The vapor-phase transfer apparatus may be any vacuum
apparatus that can maintain a predetermined vacuum state
inside the apparatus, and that can heat a transfer paper to
which ink has been applied and which 1s placed in the appa-

ratus in contact or out of contact with the paper. For example,
“T'TM-1000"" or “T'TM-2000"" (both are produced by Nidek

Co., Ltd.) can be used.

In the present invention, a very thin coloring material film
1s formed on a substrate surface by a vapor-phase transfer
method, etc., and the substrate surface can thereby be soft-
ened or melted with a laser beam even at low output energy
and low tluence. This enables the formation of a very minute
mark (about 20 um 1n si1ze), which was conventionally diifi-
cult to form, on the substrate surtface.

The size of the mark that can be formed by the method of
the present invention 1s generally about 20 to 100 um,
although 1t varies depending on the type of pattern or letter. A
mark larger than 100 um in size can be easily formed by
increasing the thickness of the coloring material film, and
raising laser beam energy. In contrast, a very minute mark
(about 20 um 1n size) was difficult to form by a conventional
method; however, the method of the present ivention can
decrease the thickness of the coloring material film on the
substrate surface and allows the formation of a very minute
pattern or letter (about 10 to 20 um 1n size) on the substrate
surface, as long as the pattern or letter 1s simple.

According to the present invention, the thickness of the
coloring material thin film to be formed can be suitably deter-
mined depending on the size of the desired mark. For
example, the thickness of the coloring material thin film 1s
about 0.1 to 20 um, preferably about 0.5 to 5 um, and more
preferably about 0.5 to 2 um.

The following describes in detail the procedure of depos-
iting a coloring material on the surface of a substrate, such as
a plastic substrate or a fiber. First, the dyeing material (col-
oring material) 1s placed on the boat 1n the chamber of the
vacuum deposition apparatus, and the substrate 1s fixed. The
air 1s then evacuated. When the degree of vacuum reaches a
predetermined level, 1.e., 2.0 kPa or less, a resistance heater 1s
powered to heat the dyeing material (coloring material) to be
evaporated and/or sublimated. While checking the deposition
amount of the coloring material indicated in the monitor
glass, when the deposition amount reaches a predetermined
level, the shutter 1s closed, the power to the resistance heater
1s turned off, and the pressure of the chamber 1s returned to
atmospheric pressure. The substrate coated with the coloring
material 1s taken out, and then subjected to marking by laser
irradiation in the subsequent step (2).

FIGS. 2 and 3 show conceptual diagrams in which a col-
oring material 1s evaporated and/or sublimated using a trans-
ter paper, as described above. The following describes the
evaporation and/or sublimation of a coloring material using a
transier paper.

In order to evaporate and/or sublimate a coloring material
using a transfer paper and to precisely coat the substrate
surface with a coloring material {film of a desired thickness, 1t
1s necessary to accurately print a required amount of the
dyeing material (coloring material) on the transier paper. For
this purpose, it 1s suitable to use an ink-jet printer, etc., to print
the dyeing material.

A commercially available ink-jet printer can be used; for
example, RJI-130V2 (produced by Mutoh Industries Ltd.),
EPSON MIJ-8000C, EPSON PX6200S, or the like can be

used.
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Moreover, the printing software may be commercially
available graphics software or drawing soltware; {for
example, Photoshop® can be used.

The transfer paper may be a commercially available printer
paper or transier paper designed for vapor-phase transfer; for
example, a transier paper for vapor-phase transier produced
by Nidek Co., Ltd., can be used.

When using an ink-jet printer, etc., 1t 1s preferable to use,
among the above-described dyeing materials, an 1nk in which
a sublimation disperse dye or oil-soluble dye 1s dispersed 1n
water 1n the form of fine particles. In this case, the 1nk may
contain a dispersant, surfactant, moisturizer, viscosity modi-
fier, pH adjuster, etc., 1f necessary, so as to meet the specifi-
cation of the ink-jet head. An example of the ink 1s an 1nk-jet
sublimation ink (Bafixan® Dye-Sublimation Ink, produced
by BASF A.G.).

The ratio of dye 1n 1nk 1s generally about 0.1 to 20.0 wt. %,
and preferably about 1.0 to 5.0 wt. %.

An ink-jet printer 1s not the only option; it 1s suilicient to
precisely control the amount of dyeing material (coloring
material). For example, screen printing, oifset printing, or the
like can be used, as long as the amount of dyeing material
(coloring material) can be controlled.

Thus, the dyeing material (coloring material) 1s first printed
on a transier paper using an 1nk-jet printer, etc. Subsequently,
the transier paper printed with the dyeing material (coloring
material ) and a substrate (e.g., a plastic substrate or a fiber) are
placed 1n a vacuum apparatus for vapor-phase transfer. As
shown 1n FIGS. 2 and 3, the vacuum apparatus comprises a
vacuum pump for evacuating the mside of the apparatus to a
vacuum, and a heating means for heating the transier paper in
a contact or non-contact manner. The heating means may be
a heater plate, an infrared-ray radiating lamp, or the like.
Further, a fixing member (e.g., a stand) 1s provided in the
apparatus to fix the transter paper or the substrate so that the
transier paper and the substrate are opposed in a non-contact
manner. The fixing member may be fixed in the vacuum
apparatus. Using such a vacuum apparatus, the transfer paper
and the substrate are fixed 1n a non-contact manner in the
apparatus. In this case, the transier paper and the substrate are
fixed so that the substrate surface 1s opposed to the surface of
the transier paper printed with the dyeing maternial (coloring
maternial). Moreover, when the transfer paper 1s fixed in the
apparatus, the paper 1s fixed so that the back of the printing
surface 1s opposed to the heating means (heater plate or infra-
red-ray radiating lamp). The substrate 1s fixed 1n a position at
a predetermined distance from the heating means via the
transier paper. The position may be below or above the heat-
ing means, as long as the substrate 1s firmly fixed (see FIGS.
2 and 3).

Next, the vacuum apparatus 1s evacuated to a vacuum
(about 0.2 kPa or less), and the heater 1s then powered to heat
the transier paper so that the dyeing material (coloring mate-
rial) 1s evaporated and/or sublimated, thereby depositing the
coloring material on the substrate surface. In this case, the
temperature of the transier paper 1s required to be about 70°
C. or more 1n order to sublimate the coloring material; how-
ever, when the temperature of the transfer paper 1s too high,
the temperature of the substrate (e.g., plastic substrate or
fiber) also becomes too high, which may cause deformation
of the substrate, dyeing, or mixing of the coloring material
into the substrate, etc. In order to prevent the deformation of
the substrate and the dyeing or mixing of the coloring mate-
rial, the temperature of the transier paper 1s generally prefer-
ably about 200° C. or less, although 1t depends on the type of
substrate. After the deposition of the coloring material on the
substrate surface 1s completed, the leak valve 1s opened to




US 9,415,463 B2

9

return the vacuum apparatus to atmospheric pressure. The
substrate on which the coloring material thin film has been

formed 1s taken out, and then irradiated with a laser beam to
form a mark 1n step (2), described later.

Step (2)

Step (2) 1s to apply a laser beam to the coloring material
thin film formed 1n step (1) 1n conformity with a predeter-
mined marking shape to cause the portions of the substrate
irradiated with the laser beam to soften or melt and to cause
the thus softened or melted portions to mix with the coloring,
matenal, thereby developing the predetermined marking
shape on the surface of the substrate.

The transier of the coloring matenal to the substrate occurs
as follows. The portion of the coloring material thin film
irradiated with a laser beam 1s heated by the energy of the
irradiated laser beam. The surface of the substrate 1s also
heated by the heat, and thereby softened or melted. The col-
oring material 1s mixed 1n or stains the softened or melted
portion. As the temperature decreases, the mixed or staining,
coloring material 1s cured together with the substrate and
fixed 1n the surface or inside of the substrate.

As described above, 1n the present invention, the thickness
of the coloring material thin film formed on the surface of the
substrate 1s very thin; therefore, the substrate can be softened
or melted with a laser beam of relatively low energy. Conse-
quently, a very minute letter or pattern (e.g., about 20 um 1n
s1ze), which was very difficult to form by a conventional
method, can be developed in the desired hue with clarity and
high solidity. FIGS. 4 and 5 schematically illustrate that the
s1ize of the mark varies with the thickness of the coloring
material {ilm and the intensity of laser energy. As shown in
FIGS. 4 and 5, when the coloring material film 1s thick, it 1s
necessary to irradiate the substrate with a laser beam of higher
energy (higher fluence) to soften or melt the substrate surface.
Accordingly, the size of the resulting mark 1s larger.

The thinner the coloring maternial thin film 1s, the more
casily the substrate surface can be softened or melted by a
laser beam of less energy. Consequently, a very minute mark
can be formed on the substrate.

As described above, coloring materials such as the afore-
mentioned dyes and pigments can be used as the dyeing
material 1n the present invention.

When a dye 1s used as the dyeing material, the dye subli-
mated by the heat generated by laser beam 1rradiation perme-
ates 1nto the surface of the substrate, which 1s softened or
melted by laser beam 1rradiation, to stain the substrate. The
softened or melted portion 1s cured as the temperature
decreases, and so the coloring material 1s fixed 1n the surface
of the substrate. Thus, the dye used as the dyeing material
only stains the surface and inside of the substrate softened,
etc., by laser beam 1rradiation, and the subsequent tempera-
ture decrease results 1n the curing of the dye 1 the surface and
inside of the substrate, thereby developing a marking shape
with clarity and solidity high enough to be resistant to wash-
ing, abrasion, efc.

Moreover, when a pigment 1s used as the dyeing material in
the present invention, the pigment 1s mixed 1n the surface and
inside of the substrate softened or melted by laser beam
irradiation, and the pigment remains therein 1n that state. The
soltened portion 1s cured as the temperature decreases, and so
the pigment 1s fixed in the surface and inside of the substrate.
Since the pigment used as the dyeing material 1s thus trans-
terred to the softened portion of the substrate surface, and
mixed and fixed 1n the substrate, a high contrast relative to the
surrounding of the laser-beam-irradiated portion can be
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obtained, thereby developing a marking shape with clarity
and solidity high enough to be resistant to washing, abrasion,
etc.

After the coloring matenal 1s fixed 1n the surface and 1nside
ol the substrate by laser beam 1rradiation, the substrate sur-
face 1s wiped with a solvent (e.g., alcohol) to remove the
portion on which the coloring material 1s not fixed (coloring
material thin film), thereby forming a desired mark on the
substrate surface.

In the present mvention, a surfactant may be applied 1n
advance to the surface of the substrate. The application of a
surfactant to the substrate surface improves the adhesion of
the coloring-material-containing layer to the substrate. Thus,
when the spot diameter of the laser beam on the substrate
surface 1s as minute as, for example, 1 to 20 um, the coloring
material can be reliably transferred to the surface and nside
of the substrate to thereby form a clear and solid mark.

Furthermore, in the present invention, the laser beam
applied to the coloring material thin film 1n conformity with
the predetermined marking shape may be precisely focused.
Because the laser beam 1s precisely focused on the coloring
material thin film on the substrate surface, the energy density
of the portion wrradiated with a laser beam increases. The
coloring material 1s mixed in the softened portion of the
substrate 1n the area with a high energy density, and the
coloring material develops color without changing the color.
Thus, minute letters or patterns can be clearly developed with
the desired color.

FIG. 6 1s a flow diagram showing an example of a sche-
matic structure of a laser irradiation apparatus 1 that 1s used to
carry out the laser beam irradiation process of step (2). The
laser irradiation apparatus 11s used to carry out the laser beam
irradiation process of step (2). The laser irradiation apparatus
1 1s also called a laser marker, 1n which a laser beam 3 emuitted
from a laser beam generating means 2 1s retlected almost at a
right angle by a beam splitter 4, and the reflected laser beam
passes through an objective lens 3 and 1s focused on the
surface 6 of a substrate W.

The laser irradiation apparatus may be one shown in FIG.
6, which 1s a combination of a VLD unit, an optical system
including an objective lens, an XY stage, etc. A galvanometer
can be used 1n place of the XY stage.

The substrate W 1s placed on the XY stage 8 and main-
tained so that the surface 6 1s perpendicular to the optical axis
7 of the laser beam reflected by a beam splitter 4. The XY
stage 8 15 configured to move the substrate W placed thereon
in the X and Y directions, which are at right angles to each
other on a flat XY surface, to accurately position the substrate
W atthe laser beam 1rradiation position so that the optical axis
7 of the laser beam 1s perpendicular to the surface 6.

Examples of the substrate W are as described above, which
are made ol material that 1s melted or soiten upon laser beam
irradiation at the 1rradiated portion. A mark of the predeter-
mined shape, such as a letter or pattern, 1s formed on the
surface 6 of the substrate W. The objective lens 5 1s supported
by a Z stage 9 so that the lens 1s movable 1n the Z direction
with high accuracy i1n order to adjust 1ts focus to the height
position of the surface 6 of the substrate W placed on the XY
stage 8.

In the laser irradiation (generating) means 2, a diffused
light emitted from a laser oscillator 21 1s converted into a
parallel light with a collimate lens 22; the parallel light pen-
etrates a correcting plate 23 so that the light 1s precisely
focused by an objective lens 5 1n the subsequent stage; and a
laser beam 3, which 1s subjected to wavelront correction so
that the wavetront aberration of the laser beam 1s adjusted to
a value required to obtain light-collecting ability (e.g., a
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wavelength of A/4 or less), 1s emitted. The laser oscillator 21
1s achieved by using a laser diode (abbreviated “LD”) that
emits a blue-purple laser beam with a wavelength of 405 nm.

The beam splitter 4 1s achieved by using a half mirror that
reflects a guiding laser beam 1n the visible range at a high
reflectance (e.g., 90% or more) and that transmits a laser
beam with a wavelength of about 450 nm or less.

The correcting plate 23 1s achieved by using a phase com-
pensator made of synthetic resin. The correcting plate 23 1s
used for the following reason. Since the divergence angle of
the light emitted from the LD 1s large, 1t 1s necessary to use an
objective lens 5 with a low F value (1.e., beam diameter/focal
distance) to sensitively reflect the relationship between the
objective lens 5 and the position of the LD; however, there 1s
a limitation in increasing the optical performance of the
objective lens 3 and the installation accuracy to the LD. In
order to overcome the limitation, the wavetront aberration 1s
kept to, for example, a wavelength of A/4 or less by using the
correcting plate 23.

Since the laser beam 3 converted into a parallel light
through the collimating lens 22 1s subjected to wavelront
correction by using the correcting plate 23, when the output
energy of the laser oscillator 21 1s 0.1 W, the peak power
intensity 1n a light spot (spot size: 2 um or more and 3 um or
less) can be achieved at a high light focus density (i.e., 0.1 to
1 MW/cm?, and a laser beam 3 having a unimodal intensity
distribution can be obtained. The objective lens 5 1s achieved
by using a condenser lens with a focal distance of, for
example, about 15 mm.

In order to measure the focusing state ol the laser beam 3 on
the substrate W, a measurement means 13 1s provided behind
the beam splitter 4. The measurement means 13 1s used to
observe the irradiation state of the laser beam 3 to the sub-
strate W 1n such a manner that the reflected light of the laser
beam 3 applied to the substrate W 1s focused onto a light-
receiving surface of an imaging camera 15 by a lens 14. IT
necessary, the lens 5 1s adjusted to maintain the best focusing,
pattern. The imaging camera 135 includes a charge-coupled
device (abbreviated “CCD”).

Furthermore, for example, a filter can be placed between
the beam splitter 4 and the lens 5, or between the laser beam
generating means 2 and the beam splitter 4. The output energy
of the laser can be attenuated through the filter, thereby
adjusting the energy of the laser applied to the coloring mate-
rial thin film 27 formed on the surface of the substrate. A
commercially available filter can be used; for example, an
absorption fixed ND filter produced by Sigma Koki Co., Ltd.,
(AND-308-30, AND-50S-50, or AND-50S-70) can be used.
The filter can be placed 1n any position, as long as the output
energy of the laser 1s attenuated. For example, the position
may be anywhere between the beam splitter 4 and the lens 3,
or between the laser beam generating means 2 and the beam
splitter 4.

As described above, the clarity of the mark varies depend-
ing on the thickness of the coloring material film and the
intensity of laser energy. This 1s obvious from the results of
the Examples, described later.

Moreover, the arithmetic processing means 16 1s achieved
by using a personal computer. The display screen 17 of the
arithmetic processing means enlarges the laser-irradiated
area of the surface 6 of the substrate W or the coloring mate-
rial thin film 27, allowing visual observation of the marking,
state by laser irradiation.

FI1G. 7 1s an enlarged cross-sectional view of the vicinity of
the laser-beam-1rradiated position of the substrate W. The
coloring material thin film 27 1s formed on the surface 6 of the
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substrate W. Examples of the coloring material forming the
thin film 27 are as described above.

The phenomenon in which a marking shape 1s developed
by 1rradiation of the substrate W with a laser beam 1s roughly
classified into four types: foaming, condensation, carboniza-
tion, and chemical change of the substrate W. The main part of
the laser marking method of this embodiment 1s chemical

change, and 1n particular, sublimation of the coloring material
due to heat. Specifically, as a result of mixing of the coloring
material 1n the substrate W by sublimation heat transfer, the
laser-beam-1rradiated portion corresponding to a predeter-
mined letter or pattern develops color with a different hue,
color saturation, and lightness from the surrounding, and is
apparently recognized as the development of the marking
shape. Color development of the marking shape may be
achieved by reflection of visible light or by irradiation with
ultraviolet light (fluorescence color development), as
described later. Additionally, patterning may be performed
using an inirared absorbing agent.

Sublimation heat transfer 1s a kind of vapor-phase dyeing
utilizing the sublimation dye aflinity of the coloring material
(disperse dye). The uniformly formed coloring material thin
f1lm 27 1s dried and pulse-irradiated with a laser beam while
moving the XY stage 8 in the X andY directions at arate of 1
to 5 mm/s. The coloring material (disperse dye) in the color-
ing material thin film 27 1s gasified on the surface 6 of the
substrate W by laser beam irradiation. The surface of the
substrate W 1n contact with the gasified coloring matenal 1s
also heated by laser beam 1rradiation to be melted or softened
to an almost molten state, and the coloring material permeates
into the inside of the softened portion and 1s thereby trans-
terred. The sublimation heat transfer has advantages in that
industrial waste, such as organic solvent waste, 1s not gener-
ated, causing no pollution to air or water, and thus inducing no
environmental pollution.

In this embodiment, a pigment may be used 1n place of the
disperse dye. Pigments are dispersed 1n a solvent in the form
of particles with a particle size of 50 nm to 3 um, which
themselves develop color, unlike dyes. A pigment 1s dispersed
in a vehicle (also called a thickening agent), and then applied
to the surface 6 of the substrate W. The pigment diffusely
reflects light because of its large particles, and the decrease in
color saturation due to color mixing 1s greater than dyes.
Although dyes have high permeability through the substrate
W, while pigments have low permeability through the sub-
strate W, when either a dye or pigment 1s used, the portion of
the surface and vicinity of the substrate 1irradiated with a laser
beam 1s soitened or melted, the dye or pigment permeates nto
the substrate W 1n a dispersed state, the dye or pigment 1s
cured in the irradiation portion 1n a mixed state when the laser
beam 1rradiation 1s stopped, and the dye or pigment trans-
terred to the substrate W 1s {ixed 1n the surface 6 and mside of
the substrate W.

The substrate (in particular, fiber or fiber product) with a
mark formed by the method of the present invention makes 1t
possible to determine whether a marketed substrate 1s marked
or unmarked by checking for the presence of amark or pattern
marked on the substrate.

More specifically, using the method of the present inven-
tion, a substrate marked with letters or patterns 1s produced by
irradiating the substrate with a laser beam. Marketed sub-
strates can then be checked (examined) for the presence ol the
letters or patterns to determine whether the substrates are
authentic or counterfeit. The above checking can be carried
out with the naked eye, a magnilying glass, a microscope, etc.

The substrate (in particular, fiber or fiber product) with a
mark formed by the method of the present invention can be
used to determine whether processed products of the sub-
strate are authentic or counterteit by checking for the mark of
the substrate contained 1n the processed products. Examples
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of such processed products include outer garments, interme-
diate garments, imnnerwear and like clothing, beds and bed-
room accessories, interior accessories, and the like. Specific
examples thereof include clothing, such as coats, jackets,
trousers, skirts, shirts, knitted shirts, blouses, sweaters, car-
digans, nightwear, underwear, supporters, socks, tights, hats,
scarves, mulllers, gloves, garment linings, garment stiffeners,

cotton stulling for clothes, work clothing, sanitary gowns,
uniforms, prison uniforms, schoolchildren’s uniforms, and
the like; woven labels, 1tem tags, name tags, paper tags, fas-
teners, and the like; beds and bedroom accessories, such as
mattress coverings, wadding cotton, pillow cases, sheets, and
the like; interior accessories, such as curtains, mats, carpets,
cushions, stuffed toys, and the like; fancy goods, such as
towels, handkerchiefs, and the like; yarn products, such as
machine sewing thread, embroidery thread, plaited cords,
straps, braids, fishing line, and artificial baits; tags on mer-
chandise; paper products or nonwoven fabrics; bags; materi-
als for electronic products; construction materials; and the
like.

Specific examples of paper products include securities
such as stocks, national bonds, local bonds, gift vouchers,
draits, checks, postage stamps, revenue stamps, certificate
stamps and admission tickets; vouchers such as coupons and
lottery tickets; paper currency; seals; various kinds of certifi-
cate forms, and the like.

Advantageous Effects of Invention

In the present mnvention, a very thin coloring material film
1s formed on a substrate surface by a vapor-phase transfer
method, etc., and the substrate surface can thereby be soft-
ened or melted with a laser beam even at low output energy
and low fluence. This enables the formation of a very minute
mark (about 20 um 1n si1ze), which was conventionally diifi-
cult to form, on the substrate surface. The marking shape can
be developed 1n the desired hue with clarity and high solidity.

Moreover, since very minute marks, such as letters or sym-
bols, and patterns can be produced on substrates by the
method of the present invention, individual yarns can be
marked with marks, such as letters and symbols.

Name-brand products partially or entirely made of the fiber
of the mvention can be marked with a brand mark or pattern
that cannot be discerned by the naked eye but 1s discernable
under a magmiying glass or a microscope, thereby allowing
one to easily determine whether marketed products are
authentic or counterfeit articles, and thus effectively prevent-
ing the counterfeiting of brand name products.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 11s a conceptual diagram where a coloring material 1s
evaporated and/or sublimated using a vacuum deposition
apparatus to deposit the coloring material on a substrate sur-
face.

FIG. 2 1s a conceptual diagram where a coloring material 1s
evaporated and/or sublimated using a transfer paper (when
the substrate 1s located above the paper).

FI1G. 3 1s a conceptual diagram where a coloring material 1s
evaporated and/or sublimated using a transfer paper (when
the substrate 1s located below the paper).

FI1G. 4 1s a conceptual diagram showing that the size of a
mark varies depending on the thickness of a coloring material
film and the 1ntensity of laser energy.

FIG. 5 1s a conceptual diagram showing that the size of a
mark varies depending on the thickness of a coloring material
film and the 1ntensity of laser energy.

FIG. 6 1s a flow diagram showing an example of a sche-
matic structure of a laser irradiation apparatus 1 that 1s used to
carry out the laser beam irradiation process of step (2).

5

10

15

20

25

30

35

40

45

50

55

60

65

14

FIG. 7 1s an enlarged cross-sectional view of the vicinity of
the laser beam-1rradiated portion of the substrate W.
FIG. 8 1s an enlarged view of the mark obtained in Example
1 (30 um, blue marking, x2).
FI1G. 9 1s an enlarged view of the mark obtained in Example
2 (50 um, blue marking, x4).
FIG. 10 1s an enlarged view of the
Example 3 (50 um, yellow marking, x2).
FIG. 11 1s an enlarged view of the
Example 4 (30 um, yellow marking, x4).
FIG. 12 1s an enlarged view of the
Example 5 (50 um, red marking, x2).
FIG. 13 1s an enlarged view of the
Example 6 (30 um, red marking, x4).
FIG. 14 1s an enlarged view of the
Example 7 (30 um, blue marking, x4).
FIG. 15 1s an enlarged view of the
Example 8 (30 um, yellow marking, x4).
FIG. 16 1s an enlarged view of the
Example 9 (30 um, red marking, x4).
FIG. 17 1s an enlarged view of the
Example 10 (20 um, red marking, x4).
FIG. 18 1s an enlarged view of the
Example 11 (30 um, blue marking, x4).
FIG. 19 1s an enlarged view of the
Example 12 (30 um, red marking, x4).
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mark obtained in

mark obtained in

mark obtained 1n

mark obtained 1n

mark obtained i1n
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DESCRIPTION OF EMBODIMENTS

The main devices used 1n the Examples are as follows.

(Gas-phase transfer unit: A vacuum apparatus capable of
heating a transfer paper in a non-contact manner in a
vacuum atmosphere was used. In the Examples, ““TTM-
1000” (produced by Nidek Co., Ltd.) was used.

Ink-jet printer: RJ-1300V/2 1nk-jet printer, produced by
Mutoh Industries, Ltd.

XY stage: product of Mecha Industry Co., Ltd.

Laser microscope: LEXT OLS3000 confocal laser scan-
ning microscope, produced by Olympus Corporation

EXAMPLES 11O 12

Experimental Device

The laser 1rradiation apparatus 1 shown in FIG. 6 includes
a laser irrradiation means 2 integrally comprising a violet laser
diode (VLD) as a laser oscillator 21, a collimate lens, and a
correcting plate to which wavelront correction had been
applied. The emitted light was reflected downward at a right
angle with a beam splitter 4 and was focused on the surface 6
of a substrate W by an objective lens 5. The state of the
irradiated portion of the surface 6 was then observed by using
a measurement means 13.

Disperse Dye and Formulation

C.1. Disperse Blue 56 (blue), C.1. Disperse Yellow 64 (vel-
low), and C.I. Disperse Red 60 (red) (disperse dyes; 10 wt.
%), 20 wt. % of a dispersant (Demol MS, produced by Kao),
and 70 wt. % of pure water were mixed and dispersed to fine
particles using a bead mill. The mixture was then suction-
filtered through a filter with a pore size of about 1 um (glass
fiber filter paper GF/B) to remove large particles, waste, etc.
Pure water was added to the mixture after suction filtration to
adjust the dye concentration to 5% while measuring absor-
bance. Each dye shown in Table 1 was produced in this
manner. The resulting inks were poured into an ink-jet printer
(RI-1300V/2, produced by Mutoh Industries Ltd.) and

printed on a transier paper. The software used was Photoshop,
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and solid printing of each color was performed on the transfer
paper. The printed transier paper was placed above a plastic
substrate (base material), as shown 1n FIG. 3. After evacua-
tion to a vacuum of 0.5 kPa, the plastic substrate was 1rradi-
ated with an infrared lamp to uniformly deposit each dye on

the substrate.
The following plastic substrates were used.

Polycarbonate Sheet

Panlite Sheet (produced by Teijin Chemicals Ltd.), clear, 2
mm 1n thickness
NE2000 (produced by Mitsubishi Gas Chemical Company,

Inc.), 1 mm 1n thickness

Polyester Sheet

Petec PE'T 6100 (produced by Takiron Co., Ltd.), 2 mm in
thickness

Polyester Flat Yarn

Using a starting material PET (polyester resin MA-2103,
produced by Unitika Ltd.), a flat yarn with a longer diameter
of 150 um and a shorter diameter of 80 um was produced
according to a known method.

The thickness of the coloring material thin film was, 1n the
case ol polycarbonate, about 0.5 um at two times, and about
1 um at four times; 1n the case of polyester, the film thickness
was about 1 um at two times, and 2 um at four times. Note that
“two times” indicates that 100% ink per unit area of transier
paper was uniformly applied by solid printing during print-
ing, and “four times™ indicates that 200% ink was printed by
double printing.

[.aser Irradiation Conditions

The output power of the violet laser diode was about 3 to 45
mW, and continuous wave (CW) or pulsed wave (PW) was
used. The movement speed of the XY stage 8 was 1 to 5 mm/s.
The pulse frequency was 60 Hz, and the duty ratio of the pulse
width was 1s.

Target For Marking

Table 1 below shows the dyes and twelve substrates W1 to
W12 used.

TABLE 1
Substrate

Example  No. Material Form (mm)
Ex. 1 W1 Polycarbonate  Sheet 2
Ex. 2 W2 Polycarbonate  Sheet ]
Ex. 3 W3 Polycarbonate  Sheet
Ex. 4 W4 Polycarbonate  Sheet |
Ex. 5 W5 Polycarbonate  Sheet 1
Ex. 6 W6 Polycarbonate  Sheet 2
Ex. 7 W7 Polyester Sheet 1
Ex. & WR Polyester Sheet 1
Ex. 9 W9 Polyester Sheet 1
Ex. 10 W10 Polyester Sheet 2
Ex. 11 W1l Polyester Flat yarn -

shorter diameter: 80 um,

longer diameter: 150 um
Ex. 12 W12 Polyester Flat yarn —

shorter diameter: 80 um
longer diameter: 150 um
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Minute Marking

In Examples 1 to 12, letters “HM” and “HAMAMATU”
(letter width: 20 to 50 um) were marked on the substrates W
and flat yarns. Because the letters were very minute, a pulsed
laser beam was 1rradiated. FIGS. 8 to 19 show the results. As
1s clear from FIGS. 8 to 19, the method of the present mven-

tion allowed clear marking of the letters “HM” and
“HAMAMATU” (letter width: 20 to 50 um).

EXAMPLE 13

A dye was applied to sheet-like polyethylene terephthalate
(PET) substrates and polycarbonate (PC) substrates by the
vapor-phase transier method in the same manner as in
Examples 1 to 12 so as to have film thicknesses shown 1n

Tables 2 to 5. The dye used in Example 13 was a disperse dye,
C.I. Disperse Blue 36 (blue). Subsequently, the substrates on
which the dyes had been applied were 1rradiated with a laser
beam to print the letters “HAMAMATU™ 1n the same manner
as 1n Examples 1 to 12. In this case, the output power of the
violet laser diode was about 42 mW, and pulsed wave (PW)

was used. The movement speed of the XY stage 8 was 0.3
mm/s. The pulse frequency was 200 Hz, and the duty ratio of
the pulse width was Y1s. The spot diameter was 8 um with a

half bandwidth. The laser energy was adjusted using filters
(30% attenuation filter: AND-505-30, 50% attenuation filter:
AND-508-50, and 70% attenuation filter: AND-50S-70).
Tables 2 to 5 show the relationships between the film thick-
ness of each substrate and the energy of the rradiated laser.
The letters formed by laser radiation were evaluated accord-
ing to the following criteria.

Evaluation Criteria

. Letters are clear and deep.

. Letters are clear but faint.

: Letters are not clear but are easily legible.

b L = n

. Letters are somewhat legible.

1: Letters are not legible.

Thickness Dye (concentration

and color)

x2, blue
x4, blue
x2, yellow
x4, yellow
X2, red
x4, red
x4, blue
x4, yellow
x4, red

x4, red
x4, blue

x4, red
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TABLE 2
Film thickness
PET substrate 1.59 0.93 0.41 0.02
Letter size: 50 um LLITL LLIT LLIT LLITL
Evaluation  No. 1 (No filter) 1.8 4 5 4.3
No. 2 4.3 5 1 1
(30% attenuation filter)
No. 3 4.8 1.5 1 1
(50% attenuation filter)
No. 4 1 1 1 1
(70% attenuation filter)
No. 5 1 1 1 1

(79% attenuation filter)

*The numbers 1n the table are average values of evaluation by 20 people. The same applies

to Tables 3 to 5.

TABLE 3
Film thickness
PET substrate 1.59 0.93 0.41 0.02
Letter size: 30 um LLITL LLIT LLIT LLITL
Evaluation  No. 6 (No filter) 1.3 2.3 4.8 3.5
No. 7 1.5 5 1 1
309% attenuation filter
(
No. 8 4.3 1 1 1
509% attenuation filter
(
No. 9 3.8 1 1 1
70% attenuation filter
(
No. 10 1 1 1 1
79% attenuation filter
(
TABLE 4
Film thickness
PC substrate 2.0 0.93 0.81 0.053
Letter size: 50 ym LT LLITL LLITL LLITL
Evaluation  No. 11 (No filter) 2.3 3.8 5 4
No. 12 3.8 4.8 4.8 1
30% attenuation filter
(
No. 13 4.8 5 3.3 1
509% attenuation filter
(
No. 14 4.8 1.8 1.3 1
70% attenuation filter
(
No. 15 1.8 1 1 1
79% attenuation filter
(
TABLE 5
Film thickness
PC substrate 2.0 0.93 0.81 0.053
Letter size: 30 um LT LLIT] LLIT] LLIT]
Evaluation No. 16 (No filter) 1.3 1.8 3.3 4.3
No. 17 2 3 4.5 4
o attenuation nlter
(30% lon filter)
No. 18 3.8 4.5 3.8 2
o attenuation nlter
(50% lon filter)
No. 19 4.3 4 1 1
o attenuation nlter
(70% lon filter)
No. 20 1.8 1 1 1

(79% attenuation filter)

Table 6 shows laser energy (mW) irradiated to the thin film
when each filter was used.

Table 6 shows laser energy (mW) irradiated to the thin film
when each filter was used.
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TABL.

(Ll
N

Laser energy (mW)

No filter 37-42
30% attenuation filter 26-34
50% attenuation filter 18-24
70% attenuation filter 11-15

As 1s clear from the results of the substrates No. 1 to No. 5
of Example 13, when a polyester substrate (e.g., polyethylene
terephthalate) 1s used, letters about 50 um 1n size are printed,
and the thickness of the coloring material thin film 27 1s about
1.5to 1.7 um 1n the present invention, the output energy of the
laser 1s generally about 18 to 34 mW (specifically, a 30% or
50% attenuation filter 1s used), and preferably about 20 to 32
mW. Moreover, when the thickness of the coloring material
thin {1lm 27 1s about 0.8 to 1 um, the output energy of the laser
1s generally about 26 to 42 mW, and preferably about 28 to 42
mW. Furthermore, when the thickness of the coloring mate-
rial thin {ilm 27 15 0.3 to 0.5 um, the output energy of the laser
1s generally about 37 to 42 mW, and preferably about 39 to 42
mW. When the thickness of the coloring material thin film 27
1s 0.01 to 0.05 um, the output energy of the laser i1s also
generally about 37 to 42 mW, and preferably about 39 to 42
mw

Additionally, the results of the substrates No. 6 to No. 10 of
Example 13 show that, for example, when letters about 30 um
in size are printed, a polyester substrate (e.g., polyethylene
terephthalate) 1s used, and the thickness of the coloring mate-
rial thin film 27 1s about 1.5 to 1.7 um, the output energy of the
laser 1s generally about 18 to 24 mW, and preferably about 20
to 22 mW. Moreover, when the thickness of the coloring
material thin {ilm 27 1s about 0.8 to 1 um, the output energy of
the laser 1s generally about 26 to 34 mW, and preferably about
28 t0 32 mW. Furthermore, when the thickness of the coloring
material thin film 27 15 0.3 to 0.5 um, the output energy of the
laser 1s generally about 37 to 42 mW, and preferably about 39
to 42 mW. When the thickness of the coloring material thin
{1lm 27 15 0.01 to 0.05 um, the output energy of the laser 1s also
generally about 37 to 42 mW, and preterably about 39 to 42
mw.

In contrast, the results of the substrates No. 11 to No. 15 of
Example 13 show that when a polycarbonate substrate is
used, letters about 50 um 1n s1ze are printed, and the thickness
of the coloring material thin film 27 1s 1.5 to 2.5 um, the
output energy of the laser 1s generally about 11 to 24 mW, and
preferably about 12 to 23 mW. Moreover, when the thickness
of the coloring material thin film 27 1s 0.8 to 1 um, the output
energy of the laser i1s generally about 18 to 34 mW, and
preferably about 20 to 32 mW. Furthermore, when the thick-
ness of the coloring material thin film 27 1s 0.07 to 0.09 um,
the output energy of the laser 1s generally about 26 to 42 mW,
and preferably about 28 to 42 mW. When the thickness of the
coloring matenal thin film 27 1s 0.04 to 0.06 um, the output
energy ol the laser 1s generally about 37 to 42 mW, and
preferably about 39 to 42 mW.

Additionally, the results of the substrates No. 16 to No. 20
of Example 13 show that, for example, when letters about 30
wm 1n size are printed, a polycarbonate substrate 1s used, and
the thickness of the coloring material thin film 27 1s about 1.5
to 2.5 um, the output energy of the laser 1s generally about 11
to 15 mW, and preferably about 11 to 14 mW. Moreover,
when the thickness of the coloring material thin film 27 1s
about 0.8 to 1 um, the output energy of the laser 1s generally
about 18 to 24 mW, and preferably about 20 to 22 mW.
Furthermore, when the thickness of the coloring material thin
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film 27 1s 0.07 to 0.09 um, the output energy of the laser 1s
generally about 26 to 34 mW, and pretferably about 28 to 32
mW. When the thickness of the coloring material thin film 27

1s 0.04 to 0.06 um, the output energy of the laser 1s generally
about 37 to 42 mW, and preferably about 39 to 42 mW.

REFERENCE SIGNS LIST

. Laser 1rradiation apparatus

. Laser beam generating means

. Laser beam

. Beam splitter

. Objective lens

. Surface

. Optical axis

. XY stage

. /. stage

13. Measurement means

14. Lens

15. Imaging camera

16. Arithmetic processing means

17. Display screen

21. Laser oscillator

22. Collimate lens

23. Correcting plate

277. Coloring material thin film

W. Substrate

The mvention claimed 1s:

1. A laser marking method comprising the steps of:

(1) depositing a coloring material on a surface of a sub-
strate of thermoplastic material to form a thin film of the
coloring material; and

(2) sequentially applying a laser beam to the thin film of the
coloring material having a thickness o1 0.5-5 um thick 1n
conformity with a complete symbol or letter to cause the
portions of the substrate irradiated with the laser beam to
soiten and to cause the thus softened portions to mix
with the coloring material to develop the complete sym-
bol or letter having a width of about 20-50 um 1n s1ze on
the surface of the substrate,

OO0 ~1 SN U da WD -
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wherein 1n the step (1), the coloring material 1s deposited

by a vapor-phase transfer method, the vapor-phase trans-

fer method comprising steps of:

supplving a dyeing material in which the coloring mate-
rial 1s dissolved or dispersed to fine particles to a
surface of a base material;

placing the base material so that the surface of the base
material faces the substrate out of contact 1n vacuum:;

heating the base material and evaporating and/or subli-
mating the coloring material entirely and equally at
once; and

depositing the coloring material on the substrate,
thereby forming the thin film of the coloring matenal.

2. The laser marking method according to claim 1, wherein
the coloring material 1s at least one member selected from the
group consisting of dyes and pigments.

3. A method of detecting a substrate with a mark formed by
the method according to claim 2, comprising the step of
checking for the presence of the mark or pattern formed on the
substrate.

4. The laser marking method according to claim 1, wherein
the laser beam to be applied to the thin film of the coloring
material 1n conformity with the predetermined marking shape
1s precisely focused.

5. A method of detecting a substrate with a mark formed by
the method according to claim 4, comprising the step of
checking for the presence of the mark or pattern formed on the
substrate.

6. A method of detecting a substrate with a mark formed by
the method according to claim 1, comprising the step of
checking for the presence of the mark or pattern formed on the
substrate.

7. The laser marking method according to claim 1, turther
comprising the step of applying a surfactant to the substrate
prior to depositing the color matenal for improving adhesion
of the color matenial to the surface of the substrate.

8. The laser marking method according to claim 1, wherein
the laser beam 1s a unimodal intensity distribution laser beam.

G ex x = e
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